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Designers of medium power transmitters will want 
to know more about the Ediswan ESA.2500. 

O The Ediswan ESA.2500 is a forced air cooled 
triode designed for use as an R.F. Amplifier or 
Oscillator. The design of the valve is such that lead 
inductance is minimised and the valve is, therefore, 
particularly suitable for H.F. application. 








RATING 
Filament Voltage (volts) Vr 8.0 
Filament Current (amps) Ir 80.0 
Maximum Anode 
Voltage (volts) Va(max) 7,500 
Average Maximum Fila- _ 
anaes ey Fins, 4.5 FP AVERAGE CHARACTERISTIC CURVES 
Maximum Anode : 
Dissipation (kW) Wa(max) ye } 
Mutual Conductance 
(mA/V) gm *5,5 
Amplification Factor u * 55.0 
Anode Impedance 
(ohms) * 10,000 
Maximum Operating 
Frequency at full rating +40 Mc/s 
* Taken at Va=7,000v; 1g=400 mA. 
t At higher frequencies the maximum permissible 
anode voltages and inputs must be reduced. 


REDIFON G.41. snort wave 
TRANSMITTER USES THE E.S.A. 2500 
IN MODULATOR AND OUTPUT STAGES 


This medium power short wave Transmitter 
can be used for Telegraphy, Telephony 
or Broadcast services in any part of the 
world. Power output is 5-7-5kW on 
Telegraphy. Frequency range 2 to 23 Mc/s. 


EDISWAN 


INDUSTRIAL AND TRANSMITTING VALVES 


THE EDISON SWAN ELECTRIC CO. LTD. 
155 CHARING CROSS ROAD, LONDON, W.C.2 
Member of the A.E.1. Group of Companies 
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OFFICIAL APPOINTMENTS 


AIR MINISTRY requires Scientific Officer 
(male) at R.A.F. Station near Maidenhead, 
Berks, for operational research duties, theore- 
tical studies and development work in the field 
of communications and general electronics. 
Qualifications: First or Second Class Honours 
degree in physics or electrical engineering, or 
equivalent. Salary: Within range £467 10s. to 
£845. Post unestablished with possibilities of 
establishment through the Civil Service Com- 
mission for successful candidate whilst remain- 
ing under age 31. Opportunities for promotion 
to higher grade posts on staff of Scientific 
Adviser to Air Ministry. Application forms, 
quoting A 113/5A_ from MENS 

and Scientific — (K), 


26 King Street, 
London, S.W.1. Closing date : 


15 May, 1955. 
W 3042 


AIR MINISTRY require Experimental Officers 
(min. age 26) at Ruislip, Middlesex, for 
general experimental duties concerned with 
radio and radar installations employed in the 
Royal Air Force. Duties include technical in- 
vestigations into existing systems, field meas- 
urements, design of modifications and develop- 
ment of ancillary equipment. Short periods of 
duty overseas may be necessary. Qualifications: 
Minimum of Higher School Certificate (Science) 
or equivalent, Some experience of communica- 
tions systems or radar control is essential. 
Salary within range £735-£900. Application form 
from M.LNS., Technical and Scientific Regi- 
ster (K), 26 King Street, London. §.W.1, quot- 
ing D 112/5A. Closing date 13 May. 1955. 

W 3043 


APPLICATIONS ARE INVITED for pension- 
able posts as Assistant Examiners in the Patent 
Office to undertake the official scientific techni- 
cal and legal work in connexion with Patent 
Applications. There are a small number of 

ilar posts in the Ministry of Supply. Appli- 
cations may be accepted up to 3lst December, 
1955 but early application is advised as an 
earlier closing date may be announced. Inter- 
view Boards will sit at frequent intervals. 
Candidates must be between 21 and 28 years 
of age during 1955 (up to 31 for permanent 
members of Experimental Officer Class) and 
have First or Second Class Honours degree in 
physics, chemistry, mechanical or electrical 
engineering, or mathematics. Candidates tak- 
ing their degrees in 1955 may apply before the 
resu't of their degree examination is known. 
Starting emoluments in London, including 
Extra Duty Allowance for 454-hour week, 
between £532 and £729 (men) £642 (women) 
according to periods of National Service and 
post-graduate experience rising to £896 (men) 
and £799 (women). Promotion to Examiners: 
£934 to £1.279 (men), £820 to £1,144 (women); 
normally after 5 years (3 or 4 years in excep- 
tional cases). Good expectation of promotion 
to Senior Examiner. Candidates are recruited 
by selective interview. Application form and 
further information from the Civil Service 
Commission, Scientific Branch, 30 Old Burling- 
ton Street, London, W.1, quoting numter 
S 128/55. W 3064 


ASSISTANTS (SCIENTIFIC). 
vice Commissioners invite applications for 
pensionable _ posts. Applications may be 
accepted up to 3lst December, 1955, but early 
application is advised as an earlier closing 
date may be announced either for the com- 
petition as a whole or in one or more sub- 
jects. Interview Boards will sit at frequent in- 
tervals. Age at least 174 and under 26 years 
of age on Ist January, 1955, with extension for 
regular service in H.M. Forces, but candidates 
over 26 with specialized experience may be 
admitted. Candidates must produce evidence 
of having reached a prescribed standard of 
education, particularly in a science or mathe- 
matical subject. At least two years’ experience 
in the duties of the class gained by service in 
a Government Department or other civilian 
scientific establishment or in technical branches 
of the Forces essential in one of the following 
groups of scientific subjects: (1) Engineering 
and physical sciences. Chemistry, bio- 
chemistry and metallurgy. (III) Biological 
Sciences. (IV) General (including geology, 
meteorology, general work ranging over two or 
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more groups (i) to (iii) and highly skilled work 
in laboratory crafts such as glass-blowing). In- 
clusive salary scale £262 (at 18) to £545 (men) 
or £457 (women). Starting pay up to £402 (men) 
or £357 (women) at 25. Women’s pay to be 
increased under Equal Pay Scheme. Somewhat 
less in provinces. Opportunities for promotion. 
Further particulars from Civil Service Com- 
mission, Scientific Branch. 30 Old Burlington 
Street, London, W.1, quoting No. S 59/55. 

W 3137 


BATTERSEA POLYTECHNIC, London, 
S.W.11. Applications are invited from gradu- 
ates of a British University for the following 
posts:— Senior Lecturer in Telecommunications 
with good industrial experience. Grade 

Lecturer in Electrical Engineering with indus- 
trial experience. Salary in each case in accord- 
ance with the Burnham Technical Scale for 
London, less statutory deductions:— Senior 
Lecturer: £1,101 or £1.113 x £25—£1,263. Grade 
B: £621 or £633x£20—£928 plus £30 for a 
good Honours degree and an allowance of £18 
for 3 years’, £36 for 4 years’ and £54 for 5 
years’ training, plus increments for industrial 
and research experience. Further particulars 
from the Clerk to the Governing Bodv 
Battersea Polytechnic, London, S.W.11, by 
whom applications should be received bv 7th 
May, 1955. W 3091 


RIRKBECK COLLEGE (University of London). 
Electronics engineer or Physicist required for 
the Computational Laboratory to work on 
problems of Character Recognition in  con- 
nexion with mechanical Translation. Applicants 
should ‘have recognized professional qualifica- 
tions in electronics. and an interest in com- 
puting machines. The salary will be in the 
range of £600-£750 and the appointment will 
ke tenable for three years. Further particu- 
lars should be obtained from the Secretary, 
Birkbeck College, Malet Street, London, W.C 1. 
Final date for app'ications Saturday. 28th 
May, 1955. W 3118 


COLLEGE OF TECHNOLOGY. BIRMING- 
HAM, Department of Physics and Mathematics. 
Applications are invited for the post of Senior 
Lecturer in Electronics. Candidates must have 
hich academic qualifications and some research 
experience, preferably in industry. Teaching 
experience is desirable but not essential. The 
successful candidate will be expected to take 
part in the extensive research programme 
already in operation. Salary will be in accord- 
ance with the Burnham (Further Education) 
Scale for Senior Lecturers (Men: £1,065 x £25 
—£1,215). Appointment to date from Ist Sep- 
tember 1955. Further particulars and form of 
application may be obtained from the Registrar, 
College of Technology, Suffolk Street. Birming- 
ham, 1, and completed forms should be 
returned to him not later than two weeks after 
the appearance of this advertisement. K. R. 
Pilling. Clerk to the Governing Body. W 3122 


COLLEGE OF TECHNOLOGY, Rirmingh>m. 
Department of Physics and Mathematics. 
There is a vacancy for a Research Assistant 
in the Department of Physics and Mathematics 
for taking: part in a major electronic project. 
Candidates should have a good honours degree. 
preferably of London University or of a uni- 
versity which awards higher degrees for ex- 
ternal research. Experience in the design of 
electronic circuits is essential. The successful 
candidate will be expected to do some teach- 
ing, but ample time will be available for 
research. Salary will be in accordance with the 
Burnham (Further Education) Scale for Grade 
“‘A”’ Assistants. Basic salary (Men) £510 with 
increments for approved training and industrial 
or teaching experience. Further particulars and 
form of application may be obtained from_the 
Registrar. College of Technology, Suffolk 
Street, Birmingham, 1, on receipt of a stamped 
addressed foolscap envelope. Completed forms 
should be returned not later than two weeks 
after the appearance of this maecine Te 


COUNTY BOROUGH OF BRIGHTON. Edu- 
cation Committee, Brighton Technical College. 
Principal: G. E. Watts, M.A., Ph.D. (Cantab), 
B.Sc.(Lond), F.R.I.C. Required as soon as pos- 
sible:-— Assistant Lecturers in Electrical Engin- 
eering (a) Assistant (Grade B), graduate, to 


teach Electrical Technology, Electronics and/ 
or Telecommunications. (b) Assistant (Grade 
A) mainly to supervise laboratory and tutorial 
classes to at least H.N.C. standard and to 
teach Electrical Technology. Salary scales (men) 
(a) £525 x £25—£820 plus graduate and training 
allowances; (b) £450x£18—£725 plus training 
al'owance; with increments in both cases for 
approved research, professional or industrial 
experience. Further particulars and forms of 
application may be obtained from the under- 
signed and should be returned to the Principal, 
Brighton Technical College, Brighton 7, within 
14 days of the appearance of this advertisement. 
W. G. Stone, Director of Education, 54 Old 
Steine, Brighton 1. W 3099 


D.S.IL.R. require an Assistant Experimental 
Officer at the Radio Research Station, Datchet, 
Near Windsor, Berks, for abstracting scientific 
and technical articles on radio research and 
development. Qualifications in Physics or E'ec- 
trical Engineering. Minimum: G.C.E. (Ad- 
vanced Level) in two scientific subjects, or 
equivalent. Candidates over 22 would normally 
be expected to have pass degree H.NC. or 
equivalent. Some knowledge and experience of 
radio research or development is necessary and 
ability to read technical French and German 
an advantage. Inclusive annual remuneration 
for a 454-hour week: Men £297 (age 18)-£659. 
Women: £297 (age 18)-£556. Application forms 
from M.L.NS. Technical and Scientific Regi- 
ster (K), 26 King Street, London, S.W.1, quot- 
ing A 114/5A. Closing date 13 May 1955 

W 3063 


ELECTRONICS TECHNICIAN, = experienced, 
for interesting and varied work in teaching and 
research laboratories, salary £610 by £20 to 
£690, depending on experience and qualifica- 
tions. Apply Department of Electrical Engin- 
eering, University of Birmingham, giving par- 
ticulars of experience. W 3119 


GOVERNMENT OF THE UNION OF SOUTH 
AFRICA. Division of Civil Aviation: Depart- 
ment of Transport. 1. Applications are invited 
from suitably qualified persons for appointment 
on Contract for three years, renewable for a 
further period, to the Public Service of the 
Union of South Africa to the posts of: 2. 
Grading of Posts: (a) Aeradio Mechanic Grade 
IIl—Salary scale £360 x £30—£630 per annum 
(temporary minimum £450). (b) Engineer, 
Grade IV—Salary scale £540 x £48—£1,020 per 
annum. Previous experience will be considered 
in fixing commencing salary. In addition to the 
above, married persons will be paid a Cost of 
Living Allowance of £234 p.a. 3. Minimum 
aualifications required: In the case of Aeradio 
Mechanics: Junior Certificate (or equivalent) 
or five years’ apprenticeship or at least five 
vears’ appropriate experience. In the case of 
Engineer, Grade IV: B.Sc. (Electrotechnics) or 
equivalent. 4. Aeradio Mechanics will be em- 
ployed on maintenance or radio and Tadar 
installations and Engineers Grade IV _ will be 
engaged on the planning and installation of 
navigational and communicational facilities at 
airports. 5. Conditions of Employment will in 
the first place be governed by the terms of 
the Contract and the Public Service Regula- 
tions. Successful applicants will be required to 
acquire within a reasonable time a knowledge 
of the Afrikaans language. 6. Transport 
Expenses from place of residence to place of 
employment (3rd class rail in United Kingdom. 
tourist, cabin or cheapest Ist class boat to 
South Africa. whichever is available, and Ist 
class rail in South Africa) including excess bag- 
gage to a maximum of 150 lb. per adult and 
75 lb. per child and similar return passage on 
satisfactory completion of Contract, will be 
paid by the Union Government. 7. Ap dlica- 
tions in writing giving full detai's of qualifica- 
tions and previous experience should be 
addressed to Room 102, South Africa House, 
Trafalgar Square, London, W.C.2, not_ later 
than 20th May 1955. W 3068 


MADRAS INSTITUTE OF TECHNOLOGY. 
Applications are invited for the appointment 
of Professor of Electronics. Candidates should 
possess good academic qualifications and prac- 
tical experience. They should be familiar with 
the latest trends in Electronic Engineering, have 
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experience in guiding research and preferably 
technical experience. Contract for 5 years in 
first instance with prospect of extension. Pay 
will be determined with reference to qualifica- 
tions and experience. Free passages. Further 
particulars and forms of application from High 
Commission of India, Establishment Depart- 
ment, Aldwych, London, W.C.2, quoting 
4/86B. Last date for receipt of applications 
2ist May, 1955. WwW 5 


MINISTRY OF SUPPLY requires Electronics 
Technician, at Burghfield, near Reading, to 
supervise investigation of faults in radar, H.F. 
and pulse circuits. Qualifications: British of 
British parents. Recognized engineering appren- 
ticeship or equivalent training in approp.iate 
trade. Detaled knowledge of radar, H.F. and 

ise circuitry essential. Experience in fault 
nding and —r= investigation reports ad- 
vantageous. H.N.C. or equivalent desirable. 
Salary: Within £772-£945 p.a. Not established 
but opportunities to compete for establishment 


— arise. Application forms from M.L. 
N.S., Technical and Scientific Register (K), 
26 King Street, London, S.W.1, 


quoting 
D150/S5A. W 3099 
MINISTRY OF TRANSPORT and Civil Avia- 
tion require two Engineering Assistants in 
London for work in connexion with traffic 
matters. Candidates should be adaptable and 
have had training in electrical engineering to 
Higher National Certificate or City and Guilds 
Diploma standard or equivalent. The work will 
also require some mathematical and statistical 
ability. Salary £690 at age 30 or above rising 
by annual increments to £810 (subject to reduc- 
tion by one ipcrement of £20 for every year 
below age 30). Appointments temporary, but 
opportunities for competing for permanency 
later are  tikely. Application forms from 
M.L.N.S.. Technical and Scientific Register 
(K), 26 King Street, London, S,W.1, quoting 
D.21/5A. W 3095 


NATIONAL COLLEGE of Horology and 
Instrument Technology. The Minister of Edu- 
cation, in consultation with the Board of Gov- 
ernors, proposes to fill a vacancy, as from Ist 
September 1955, for a Head of the National 
College of Horology and Instrument Tech- 
nology. The College is accommodated at the 
Northhampton Polytechnic, St. John Street, 
London, E.C.1. The College provides for tech- 
nical education and research to the highest 
levels in connexion with the horological and 
the instrument making industries. The curricu- 
lum includes a three-year Diploma Course in 
Horology. Advanced courses in Instrument 
Technology are projected for next session. 
Candidates for the post must have good aca- 
demic qualifications and industrial experience. 
Salary scale £1,265 by increments of £50 a 
year to £1,415 p.a. The post is recognized for 
pension purposes under the Teachers’ Super- 
annuation Acts. A letter of application to 
include particulars of age academic qualifica- 
tions, industrial experience, and the names of 
three persons to whom reference may be 
made, should be sent to the Secretary, National 
College of Horology and Instrument Tech- 
nology, Northampton Polytechn‘c, St. 
Street, London, 


SCUNTHORPE HOSPITAL. Management 
Committee Lincolnshire Radiotherapy Centre 
(52 beds). Vacancy for Medical Physicist in 
department which is expanding. Work will 
include developments connected with rotational 
therapy and the use of radioactive isotopes— 
candidates should be interested in career in 
medical physics—previous hospital experience 
not essential and candidates taking degrees this 
year will be considered. New entrants to 
Health Service must serve a probationary period 
of two years unless any post-graduate study 
is recognized by Ministry of Health. Salary 
during probationary period £460 x £25 to £510 
for Ist or 2nd Class Honours. Salary after 
probationary period or to applicants whose 
post-graduate study is approved by Ministry 
£585 x £30 to £765. Superannuation Scheme. 
Applications, naming two referees to Group 
Secretary, War Memorial Hospital, Scun- 
thorpe, Lincs. W 3138 


SENIOR TECHNICIAN required for research 
work in connexion with high voltage machine 
for nuclear research. Experience in electronic 
circuitry and electrical work. Commencing 
salary in range £490-£590 plus London Weight- 
ing. Applications (in writing) as soon as pos- 


sible to Laboratory Superintendent, Physics 
Department, Imperial College, London, a See 
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SURREY EDUCATION COMMITTEE, Wim- 
bledon Technical College, Gladstone Road, 
S.W.19. Required for September, Senior 

turer in the Electrical Engineering Department. 
Graduate Pp with research experience, 
capable of teaching Electronics and Mathe- 
matics to post Higher National Certificate level. 
Salary: Burnham Scale for Senior turers 
(Men) £1,065 x £25—£1,215 ee... plus London 
Allowance. Further details from the Principal 
to whom. completed applications should be 
sent by 14th May. W 3130 


THE UNITED KINGDOM ATOMIC ENERGY 
AUTHORITY, Aldermaston, Berks, has the 
following vacanci¢és:— Post 1 (63/WGE/42) 
an Experimental Officer to design and develop 
a wide range of electronic equipment including 
pulse amplifiers, magnetic amplifiers, high vol- 
tage supplies, test equipment using pulse tech- 
niques. Some experience of servo systems 
would be an advantage. Post 2 (585/WGE/42) 
an Assistant Experimental Officer who has ex- 
perience or is interested in the development 
of electrical gauges (e.g., condenser or induc- 
tance gauges). The minimum qualification is 
Higher School Certificate (Science) or equiva- 
lent. Salary. Experimental Officer (minimum 
age 26) £775-£945 p.a. (male). Assistant Experi- 
mental Officer £310 (age 18)-£685 p.a. (male). 
Superannuation. The successful applicants will 
be required to join the Authority’s contribu- 
tory scheme. Housing. Housing accommodation 
will be available within a reasonable period for 
married staff who live outside the radius of the 
Establishment’s transport facilities. During this 
period lodging allowance may be payable. Send 
postcard for application form to Senior 
Recruitment Officer, A.W.R.E., Aldermaston, 
Berks. Quote appropriate Reference. W 3088 





THE UNITED KINGDOM ATOMIC ENERGY 
AUTHORITY, Aldermaston, Berks. requires an 
Engineer (Basic grade) for engineering of special 
electronic and light mechanical equipment to 
meet Scientists’ requirements, and progressing to 
final small scale production. Applicants should 
have served a recognized engineering appren- 
ticeship and be corporate members of the 
Institution of Electrical or Mechanical Engin- 
eers, or have exempting qualifications. They 
should have a knowledge of special purpose 
electronic equipment such as oscilloscopes em- 
ploying high speed time bases, pulse generators, 
video ampl'fiers and stabilized power supply 
units. Knowledge of the mechanical design 
problems associated with the manufacture of 
electronic equipment would be an advantage. 
Salary: £695 (at age 25) to £1,065 (male) p.a. 
The successful applicant will be required to 
join the Authority’s contributory superannua- 
tion scheme. Housing accommodation will be 
available within a reasonable period for married 
staff who live outside the radius of the Estab- 
lishment’s transport facilities. During this 
period lodging allowance may be payable. Send 
postcard for application form to Senior Recruit- 
ment Officer, A.W.R.E., Aldermaston. Berks. 
Quote Ref. 565/WGE/42. W 3073 





THE UNIVERSITY OF MANCHESTER. 
Applications are invited from suitably quali- 
fied graduates for posts in the Department of 
Electrical Engineering as Lecturer or Assistant 
Lecturer. Candidates should have experience 
in one or more of the following fields. Meas- 
urements, D.C. and A.C. Machinery. Servo- 
Mechanism, High Vacuum technique, Engineer- 
ing Acoustics, Electronic Circuit technique, 
Communications. Salary scales per annum: 
Lecturers £650 to £1,350; Assistant Lecturer, 
£550 to £650: initial salary and status accord- 
ing to qualifications and experience. Member- 
ship of . and Children’s Allowance 
Scheme. Applications should be sent not later 
than 2ist May 1955, to the Registrar, the 
University, Manchester, 13, from whom further 
particulars and forms of application may be 
obtained : W 3117 





THE UNITED KINGDOM ATOMIC ENERGY 
AUTHORITY, Aldermaston, Berks, requires 


an Electrical Engineer in the grade of Senior 


Experimental Officer to lead a small team to 
guide designers in the choice of electronic com- 
ponents. This work involves the development 
of special components, the testing, specifica- 
tion and forward estimating of component 
requirements, and the control of a laboratory 
carrying out prototype testing of components 
It also involves close liaison with scientists, 
engineers and manufacturers, as well as atten- 
dance at various Ministry of Supply Com- 
mittees. The minimum qualification is Higher 
School Certificate (Science) or equivalent, but 
a degree in electrical engineering or corporate 
membership of the I.E.E. is desirable. First- 
class knowledge and experience of design of 
commercial electronic components and Type 
Approval Ministry specifications is essential. 
Salary: £1,090-£1,285 (male) (minimum age 
normally 35). The successful applicant will be 
required to join the Authority’s Contributory 
Superannuation Scheme. Housing accommoda- 
tion will be available within a reasonable 
period for married staff who live outside the 
radius of the Establishment’s transport facili- 
ties. Send postcard for application form to 
Senior Recruitment Officer, A.W.R.E., Alder- 
maston, Berks. Quote reference A301/WGE/ 
42. W 3126 





THE UNITED KINGDOM ATOMIC ENERGY 
AUTHORITY, Aldermaston, Berks, requires 
a Senior Scientific Officer for mathematical 
work associated with the design and develop- 
ment of radar and electronic devices. Mini- 
mum qualification is a First or. Second class 
Honours degree in Mathematics or Physics 
with a few years’ appropriate experience. A 
knowledge and experience of statistics would 
be an advantage. Salary: £1,040-£1,205 per 
annum (male). The successful candidate will 
be required to join the Authority’s contribu- 
tory superannuation scheme. Housing accom- 
modation will be available within a reasonable 
period for staff who live outside the radius 
of the Establishment’s transport facilities, or 
alternatively the Authority may be able to 
assist the successful candidate in the purchase 
of a house. An initial period of detached duty 
may be required to be served at Fort Halstead, 
Kent. Send postcard for application form to 
Senior Recruitment Officer, A.W.R.E., Alder- 
maston, Berks. Quote Ref. 596/WGE/42. 
W 3127 


UNIVERSITY OF SOUTHAMPTON. Research 
Assistant with an interest in the development 
of electronic instruments required in _ the 
Department of Aeronautical Engineering. The 
selected candidate (who should be of Degree or 
H.N.C. standard) will be expected to apply his 
knowledge to the problems which occur in 
aerodynamic research and to co-operate ee 4 
with aerodynamicists already engaged on suc 
problems. Applications in writing, giving full 
details of education, qualifications and ex- 
perience, together with names of two persons 
to whom reference may be made, to The 
Secretary and Registrar, before May ate 519s 


GOVERNMENT SERVICE 
Instrument Makers with 
fitting and machine shop experience in light 
engineering. 2. Teleprinter, Radio and Elec- 
tronic Mechanics and Assembler Testers with 
experience of telecommunications equipment. 
Basic Pay—£7 18s. 10d. plus merit pay up to 
£2. 10s. assessed at interview, based on ability 
and experience. Opportunities. for permanent 
and pensionable posts. Apply in writing only, 
giving personal particulars to Personnel Officer, 
G CHW. (Foreign Office), 53 Clarence Street, 
Cheltenham. W 3029 


X-RAY ENGINEER required for responsible 
senior post in small factory (Edinburgh) under- 
taking construction, installation and servicing 
of hospital equipment. Applicant must have 
extensive experience, and _ be <a? Bf 
development and organization gi outside. 
work, Starting salary £750 p.a. Box No. W 1327 


VACANCIES IN 
at Cheltenham. 1. 





CLASSIFIED ANNOUNCEMENTS 
continued on page 4 
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Specialists in Rubber and Synthetic Rubber Mouldings for Industry 

; Manufacturers of Rubber Parts for ROLLS-ROYCE utp 
SEALS - BONDED PARTS - CORD RINGS - DIAPHRAGMS - SILICONE RUBBER COMPONENTS 

PRECISION RUBBERS LTD - BAGWORTH + LEICESTERSHIRE - Phone: 
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NEVER COULD 
UNDERSTAND 

ANYTHING 
MECHANICAL 


To help your design 
department: The Lewis 
Spring Co. offer a 40- 
page booklet on spring 
design, full of technical 
data. 2/6 post free. 





You'd be surprised how many giant 
creative brains boggle at mechanical 
details. ‘Thank heaven for Lewis’ 
they say, ‘| can depend on them to 
design the right springs for the 
job.’ Why don’t you try us too? 
‘Leave it to Lewis’ has been said 






with a sigh of relief for over thirty 


LEAVE /7 TQ 


LUIS 


OF REDDITCH 
RINGS, SPRING CLIPS 
ESSWORK, WIRE FORMS 
VOLUTE SPRINGS 


years now. 






THE LEWIS SPRING CO. LTD. 


RESILIENT WORKS - REDDITCH 
Telephone : Redditch 720/1/2 
London Office: 321 High Holborn, W.C.1. . Telephone : Holborn 7479 & 7470 


SP 
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UNITED KINGDOM ATOMIC ENERGY 
AUTHORITY, Atomic Weapons Research 
Establishment, Aldermaston, Berks, requires 
Experimental Officers for the following posts: 
Post 1—287/WGE/42. To assist in the design 
and development of ultra high speed e'ectronic 
counting equipment for use with scintillation 
and other types of radiation detecting instru- 
ments. Experience in the design and construc- 
tion of wide-band electronic amplifiers would 
be advantageous. Post 2—557/WGE/42. To 
assist in experimental work in the Chemical 


Engineering laboratory, mainly with pilot 
scale equipment. Applicants should have had 
a chemical engineering training and some 


years’ experience in the operation and develop- 
ment of pilot and small scale plants. The mini- 
mum qualification is Higher School Certificate 
in Science subjects or equivalent, but a Higher 
National Certificate in applied physics for Post 
1 and a pass degree in chemical engineering for 
Post 2, is desirable. Salary (minimum age 26) 
£775-£945 p.a. (male). Superannuation. The 
successful applicants will be required to join 
the Authority’s contributory scheme. Housing. 
Housing accommodation will be available with- 
in a reasonable period for married staff who 
live outside the radius of the Establishment’s 
transport facilities. During this period lodging 
allowance may be payable. Send postcard for 
application form to Senior Recruitment Officer, 
A.W.R.E., Aldermaston, Berks. Quote appro- 
priate reference, W 3074 


UNITED KINGDOM ATOMIC ENERGY 
AUTHORITY, Aldermaston, invites applica- 
tions for a Technician to be responsible, with 
assistance from technical and industrial staff, 
for performance, climatic and durability tests 
on electronic and electro- i quip 
under development for Service use. Also to be 
responsible for the maintenance of the plant 
and equipment used in these tests. Candidates 
should have served a recognized engineering 
apprenticeship or have had suitable equivalent 
training in electrical engineering. Experience 
of tests and measurements on electrical circuit 
components is essential and a working know- 
ledge of refrigeration plant, temperature and 
humidity chambers, vibration test machines, etc. 
would be advantageous, as would possession 
of O.N.C. or City and Guilds certificates in 
appropriate subjects. Candidates should be 
familiar with Service specifications commonly 
in use in the class of work concerned. Salary: 
£710 (linked to age 30) to £830 (male). Success- 
ful candidate will be required to join the 
Authority’s Contributory superannuation scheme. 
Housing will be available within a reasonable 
period for the selected candidate if married and 
living outside the radius of the Establishment’s 
transport facilities. During this period, lodging 
allowance may be payable. An initial period of 
detached duty may have to be served at Fort 
Halstead, near Sevenoaks, Kent. Send postcard 
for appiication form to: Senior Recruitment 
Officer, A.W.R.E., Aldermaston, Berks. Quote 
Ref.: 587/WGE/42. W 3075 











SITUATIONS VACANT 
The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 





A GRADUATE PHYSICIST is required to 
work on the measurement of the fundamental 
Properties of a wide range of semi-conductor 
materials. The work involves the development 
of original methods and equipment. Previous 
experience in the field would be advantageous, 
but is not essential. Box No. W 2921. 


A. H. HUNT (CAPACITORS) re- 
quire engineers for design and development of 


ELECTRONIC ENGINEERING 


paper, mica and ceramic capacitors. Applicants 
should have previous training in_ electrical 
engineering at least to intermediate B.Sc 
standard. Apply Personnel Manager, ; ; 
Hunt (Capacitors) Limited, Bendon Valley, 
Garratt Lane, Wandsworth, S.W.18. W 212 





A BRILLIANT FUTURE for young men with 
original ideas. Are you grasping your oppor- 
tunities as an Electronic Engineer?. The suc- 
cessful Solartron Electronic Group offers a 
fresh and stimulating atmosphere, encourages 
individual responsibility, provides the right 
services. Add to your future value by gaining 
experience on important commercial applica- 
tions of the latest electronic and _ electro- 
mechanical techniques. Excellent openings for: 
A Senior Research Engineer to carry out 
advanced circuit design for all aspects of elec- 
tronic instrumentation. Minimum salary £1,100 
p.a. Project Development Engineers. Men with 
drive and some experience of production tech- 
niques who are skilled in developing electronic 
instruments from outline circuitry. Salary 
approx. £800 p.a. Junior Research Assistant 
Graduate with sound theoretical background to 
assist with research; work offers interest, 
variety and excellent prospects. Salary approx. 
£550 pa. Apply in writing to Personnel Direc- 
tor, The Solartron Electronic Group Ltd., 
Queens Road, Thames Ditton, quoting ref.: 





D.1, W 3123 
AIRCRAFT ELECTRICAL DESIGN 
NRAUGHTSMEN required. Excellent oppor- 
tunities for advancement. Apply Personnel 


Department, Vickers-Armstrongs Ltd., Hurslev 
Park, Nr. Winchester. W 2849 
AIRCRAFT RADIO AERIALS. Gloster Air- 
craft Co. Ltd., Gloucester, have a vacancy 
for an Electronic Engineer (H.N.C. or equiva- 
lent) to work on the development of suppressed 


aerials for aircraft. The work involves 
theoretical and Practical knowledge of meas- 
urements from ‘‘H.F.” to ‘‘X’’ bands and 


of the Properties of different types of sup- 
pressed aerials. A small laboratory is being 
established for the work. An_ elementary 
knowledge of aircraft design and construction 
would be an advantage. Applications stating 
age, previous employers and experience, etc. 
should be addressed to the Employment 
Officer. W 1319 





A LEADING RADIO and Television Manufac- 
turing Company requires the services of a 
Chief Engineer. Salary up to £3,000 per annum, 
according to qualifications and experience. 
Superannuation and Insurance Schemes in 
operation. Please reply, in strictest confidence, 
giving full details to Box No. W 3030. 


A MAJOR INTERNATIONAL COMPANY 
in the Electrical Engineering and Electronic 
field with Headquarters in London will shortly 
appoint a young Engineering Graduate to train 
in a Technical/Commercial department of the 
Television and Radio Division with the object 
of eventually rising to executive status in charge 
of a product group. Candidates should be 
between 25/35 with an Engineering degree and 
an aptitude for a commercial career. Applica- 
tions which shall remain confidential should 
be addressed to Box W 3072. 


AN ELECTRONIC ENGINEER is required to 
initiate and supervise design and development 
work in a small company concerned with 
electronic and magnetic devices. A good quali- 
fication is desirable but special knowledge 
is not so important as the ability to analyse 
problems and control technical staff. Starting 
salary in the range of £750/£1,200 per annum. 
Nottingham area. Box No. W 1329. 


AN ELECTRONIC OR ELECTRICAL 
ENGINEER, between the ages of 25 and 35 
years, of — standard, is required to take 
charge of engineering department of a 
factory engaged in the manufacture of fre- 
quency control equipment. The successful 
applicant will be responsible for the design and 





specification of all new items, as well as routine 
engineering problems. The position offers a 
wide scope for a person possessing the neces- 
sary technical qualifications and initiative to 
expand the work a!ong numerous channels 
Living accommodation can be made available 
to the successful applicant. Apply in writing 
to the Personnel Manager, Standard Telephones 
and Cables Limited, Crystal Factory, Harlow, 
Essex. W 3048 


AN ELECTRONIC or electrical engineer of 
degree standard is required to take charge 
of the Engineering Department in a factory 
which is part of a large organization engaged 
in the manufacture of all branches of communi- 


cations equipment. The successful applicant 
will be responsible for engineerin: develop- 
ment, design, and specification of all new 


items, as well as routine engineering problems. 
The wide field of work to be covered offers 
considerable opportunity for advancement 
Living accommodation for single or married 
rsons can be made available. Box 
R2419, A.K. Advertising, 212a Shaftesbury 
Avenue, London, nok & W 306 








APPLICANTS ARE INVITED FROM ELEC- 
TRONIC ENGINEERS for the post of 
Assistant to the Chief Engineer of a progres- 
sive organization well established in the field 
of industrial electronics. Candidates should 
have a sound theoretical training and consider- 
able practical experience. The factory is located 
in the Home Counties and there is a pension 
scheme. Box No. W 3059. 





APPLICATIONS ARE INVITED from Senior 
Project Engineers with a specialized knowledge 
of the manufacture of Electrical and Mechani- 
cal products. Applicants should have a good 
practical engineering background and a sound 
technical experience of Tool Design and Plan- 
ning and be capable of putting new projects 
on a sound production basis. These vacancies 
offer excellent opportunities to men seeking 
permanent and progressive positions. London 
Area. Applications which will be treated in 
confidence, should give full details of experi- 
ence and salary required and be addressed to 
Box No. W 3103. 





APPLICATIONS are invited for the post of 
Electronics Technician for the Department of 
Clinical Research. The work of the success- 
ful candidate will be devoted largely to the 
building and _ reconstruction of _ electronic 
equipment in the Department of Electroence- 
phalography. No previous experience of elec- 
troencephalographic recording will be required 
but there will be some opportunities for 
acquiring it. The appointment will be on a 
temporary basis and for an initial period of 
one year, but will be subject to renewal. The 
salary will be on the scale £500-£620 and an 
additional £25 pa. will be paid for experience 
in electronic techniques. Application to be 
addressed to the Medical Superintendent, —_ 
lingwell Hospital, Chichester. W 3 


APPLICATIONS ARE INVITED from quali- 
fied engineers for a number of posts in the 
Research Laboratories at Cheltenham of S 
Smith & Sons (England) Ltd. The posts are 

nent and a pension scheme with life 
insurance is in operation. Housing accom- 
modation is guaranteed to selected applicants 
after a satisfactory probationary period. The 
work of the laboratories is mainly, but not 
wholly, in the aviation instrument field, and 
applicants should preferably have experience in 
one or more of the following po 8 
Mathematical Study of Controlled stability. (b) 
Aircraft Navigation and Flight Instruments. (c) 
Automatic Pilots. (d) Electronics (preferably 
including knowledge of Magnetic and Transis- 
tor Amplifier techniques). (e) Electronic and/or 
Hydraulic Servo Mechanisms. (f) Aerodyna- 
mics. Salaries are in the range of £500 to 
£1500 per annum, according to age, ability 
and experience. Travelling expenses will be 
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As every schoolmaster knows, pupils are from time to time capable of 
the most learned dissertations on subjects completely outside the matter in hand. Not, 
it should be added, that these often concern such specialised subjects 
as Linear Amplifiers. To be put fully in the picture on this it is 
necessary to talk to EKCO, who have all the relevant details at their finger-tips. 


LINEAR AMPLIFIER TYPE N568. 


Developed in conjunction with the Atomic Energy Research Establishment, 
this highly stabilised wide-band amplifier incorporates the latest advances 
in the design of linear pulse amplifiers for use in nuclear physics. 
It comprises a main amplifier; H.F. head amplifier; and cathode- 
follower head amplifier for use with particle counters working 
in the proportional region. A maximum overall voltage gain 

of 1,000,000 is provided and gain stability is of the order of 0.1%. 


Please write for illustrated catalogue of the complete range of Ekco electronic equipment 
for the radiochemical laboratory. 


© EK OD itectronics 


EXGCO ELECTRONICS LTD. © EKCO WORKS + SOUTHEND-ON-SEA + ESSEX 
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SITUATIONS VACANT (Cont'd.) 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
ls excepted from the- of the Notifica- 
tion of Vacancies Order, 1952. 








ogg to applicants selected for interview. Write 
or application form to Personnel Manager, S. 
Smith & Sons (England) Ltd. Bishops Cleeve, 
near Cheltenham, quoting Ref. i 

3044 


A SENIOR COMMUNICATIONS ENGINEER 
is required for responsible post on design of 
Y woe 4 _iohony Satie Links. A ts 

u ve a engineering or science 
Degree, or equivalent qualifications and at least 
five years’ ¢: nce in a similar post. Appli- 
cations should be addressed to Personnel 
Department, S.C.E., Murphy Radio Ltd.. 
Welwyn Garden City. W 3014 


A SENIOR ENGINEER is required for s 
responsible post on design of Communications 
Receivers and Low Power V.H.F. R/T Equip- 
ment. Applicants should have a good engineer- 
ing or science degree, or equivalent qualifications 
and at least five — experience in these 
fields in  responsib Positions. Applications 
should be addressed to Personnel Department, 
S.E., Murphy Radio Limited, Welwyn Garden 
City. W 3013 


ASSISTANT TO THE CHIEF ENGINEER re- 
quired by an estab instrument company 
in the Home Counties, now pioneering new 
developments in the field of electronic techno- 
logy. _ While academic qualifications are not 
essential, applicants should have a sound 
theoretical training and considerable practical 
experience. The salary will be according to 
experience—£1.200 per annum is envi ; 
There is a pension scheme. Box No. W & 





ASSISTANT CHIEF DRAUGHTSMAN re- 
quired by well-known electronic engineering 
Company (London area) with large Drawing 
Office. Applicants, who must be of British 
Nationality, and have had substantial industrial 
experience, should be accustomed to working 
at senior level and posses a first-class person- 
ality. Applications will be considered from 
those who are at present holding an Assistant 
Chief or Senior position but seek greater 
scope for their abilities. The position carries 
a substantial starting salary and a Pension 
Scheme is in operation. Please write stating 
age and experience to Box E.E. 203, c/o 191 
Gresham House, E.C.2 W 3058 





AUTOMATION ENGINEERS required for a 
new Di ent Section. Vacancies exist for: 
i. — ineer, responsible to the Section 
Head for engineering from the mock up stage 
liaison with customers,. Ministries, sub- 
contractors and own development sections. 
Engineering apprenticeshi with 

electronic experience and A.M.I.EE. or 
H.N.C. preferred. 2. Electronic Development 
Engineer with previous laboratory experience 
in Oto-electrics and  servo-mechanisms. 
O.N.C. or equivalent. 3. Design Draughtsman 
with electro-mechanical experience. Good pros- 
pects, salaries commensurate with qualifica- 
tions and experience. Apply Personnel Mana- 
ger, Electronics Division, Hilger & Watts Ltd., 
48 Addington Square, London, S.E.5. W 2995 





A VACANCY exists for an Electronic Instru- 
ment Development Engineer in the Telecom- 
munications Laboratory of British Insulated 
Callender’s Cables Ltd., at Kirkby, near Liver- 
ES, Candidates should hold a degree in 
ysics or Engineering and have previous ex- 
rience in the design and development of 
lectronic Instruments. Applications quoting 
reference P/60/54 should addressed to: 
The Staff Officer, BI.C.C. Ltd.. Prescot. 
Lancs. W 3125 
BTH RESEARCH LABORATORY requires 
engineers with a Degree or national certificate 
in electrical engineering who are interested 
in light current or radio, for testing high 
power microwave valves, and for the design 


ELECTRONIC ENGINEERING 


construction, and maintenance of electrical 

test equipment, including modulators, 
cathode ray oscillographs and automatic con- 
trol circuits. The work in any one of these 
fields is varied and interesting, and will be 
carried out in co-operation with a team en- 
gaged in research on microwave valves. Appli- 
cation should made to the Director of 
Research, British Thomsoon-Houston Co. Ltd., 
Rugby, quoting reference DR3, and giving 
age, qualifications and experience. W 2974 


A VACANCY OCCURS for a Development 
Engineer in a Design Group concerned with a 
wide range of small transformers and inductors 
of types used in Radio equipment and Elec- 
trical appliances. Preference will be given to 
applicants having experience of this class of 
work, but young engineers with a sound basic 
training and limited experience will be con- 
sidered, and if successful will have the oppor- 
tunity of gaining practical knowledge of design 
problems met in fulfilling commercial and mili- 
tary specifications. An attractive salary is 
Offered together with good future prospects. 
The Company’s extensive Laboratory and Pro- 
duction facilities are situated in the London 
area. Please reply, giving details of qualifica- 
tions and experience to Box No. W 3089. 





BTH RESEARCH LABORATORY requires 
honours graduates in physics or electrical 
engineering to join a section engaged in the 
development of microwave electronic . valves. 
The vacancies are in a group whose primary 
function is to investigate the fundamental 
operating mechanisms of established devices 
such as magnetrons and klystrons and to evolve 
new types of microwave oscillator. Successful 
applicants will be required to show initiative 
and ability to a standard corresponding to work 

to a post graduate degree; they will 
work in a new laboratory, exceptionally well 
equi , and provided with adequate con- 
structional and general engineering facilities. 
Applications shou'd be made to the Director 
of Research, British Thomson-Houston Co. 
Ltd., Rugby, quoting Ref. DR2 and_ giving 
age, qualifications and experience. W 2975 


BUSH RADIO LTD. require Senior and Junior 
Engineers in their Laboratories at Chiswick, 
Kew and Plymouth. Applicants should prefer- 
ably hold a Higher National Certificate, B.Sc. 
Engineering or Physics or equivalent qualifi- 
cations. Experience in the following fields of 
development would be an_ advantage:— 
Domestic Radio or Television, Electronic Equip- 
ment for Aircraft, Communication Receivers, 
Pulse Circuits and Micro-Wave Techniques. 
Write givi full details and salary required 
to the Chief Engineer, Power Road, Chiswick. 
W.4. W 2955 


CANADA NEEDS ELECTRONIC ENGIN- 
. Measurement Enginee: Ltd., with 
capentins business in Electronic Instrument 
field, offer generous salary, excellent prospects, 
to keen man capable of starting and taking 
charge of a section to handle Magnetic Ampli- 
fier Design. Applicants must be Physics or 
Engineering graduates with several years’ indus- 
trial experience, including two years on mag- 
netic amplifiers. The location is Ontario, within 
easy reach of Chalk River and Ottawa. Inter- 
views London (England). Box No. W 1286. 


CIRCUIT ENGINEERS required for research 
work on: Colour Television tems especially 
receiver my | devices. 1. nior Engineers 
Must have had a number of years’ experience 
of actual design work on electronic circuits but 
not necessarily for television. Academic quali- 


. fication to Degree standard preferred. Men of 


inventive character capable of making their 
ideas work are required. 2. Assistants to the 
above Senior men. Some experience of circuit 
work and at least H.N.C. or the equivalent 
essentia!. Salaries in line with present-day 
standards. Pension and Life Assurance Scheme. 
Apply. giving age, qualifications and experience 
to: Sylvania-Thorn Colour Television Labs. 
Ltd., Great Cambridge Road, Enfield, Middle- 
‘sex, marked attention: B. C. peed 


COMMUNICATION ENGINEERS AND 
DRAUGHTSMEN. The expanding programme 
of the Transmission Department offers vacan- 
cies in both senior and junior categories for 
Line Transmission Laboratory Engineers and 
Apparatus Design ineers, and also for 
Draughtsmen with experience in telecommuni- 


re sag: 





cations or light current engi ing. Sp 
experience in any branch of line transmission 
engineering is desirable for some of the posts. 
Positions offered are on the company staff, with 
contributory pension fund and _ usual staft 
conditions. Applicants should write to Person- 
nel Manager, Automatic Telephone & Electric 
Co. Ltd.. Strowger Works, Edge Lane, Liver- 
pool 7. giving full details of age, qualifications 
and experience. W 2963 


DECCA RADAR LIMITED plan in the near 
future to put a new project on to the market 
and seek a first-class production engineering 
designer (preferably with both electronic and 
mechanical experience) to take charge of the 
project. Substantial salary on a rising scale 
British Nationality essential. There is a Pension 
Scheme in operation. Repy anine, reference 
RLA 90 to Decca Radar Limited, Radar Re- 
search Laboratory, 2 Tolworth Rise, Surbiton, 
Surrey. 2 W 216 


DECCA RADAR LIMITED invite savlice- 
tions from young men, preferably of H.N.C 
standard or above, who would like to become 
microwave engineers working in the modern 
wide field of navigational aids. Training will 
be given to suitable applicants to fit them for 
a o--* career. British Nationality essen- 
tial. There is a Pension Scheme in operation. 
Write giving full personal particulars and 
quoting RLA 91 to Decca Radar Limited, 
Radar Research Laboratory, 2 Tolworth Rise. 
Surbiton, Surrey. W 217 


DECCA RADAR LIMITED require the ser- 
vices of a first-class mechanical engineer for 
work on their Microwave Link Systems. This 

t is a special appointment and a substan- 
tial starting salary is envisaged on a_ rising 
scale. British ey | essential. | Pension 
Scheme in operation. Please write giving full 
particulars and quoting RLA 89 to the Re- 
search Director, Decca Radar Ltd., Radar 
Research Laboratory, 2 Tolworth Rise, Sur- 
biton, Surrey. W 218 


DESIGN AND DEVELOPMENT ENGIN- 
EERS. Applications are invited from the fol- 
lowing to undertake important work on a 
wide range of interesting problems in con- 
nexion with Guided Weapons Research and 
Development:— Servo Research Engineer 
(Ref. E.E./8), To work on_ electro-pneumatic 
and hydraulic servo-mechanisms. Degree or 
H.N.C. essential. Instrument Research Engin- 
eers (Ref. E.E./7). To work on Gyroscopic 
instruments and accelerometers with associated 
pick-offs. Degree or é essential. Elec- 
tronic Engineers (Ref. E.E./10). To carry out 
work, associated with the above, on electronic 
circuitry of magnetic amplifiers. Degree or 
H.N.C. essential. Graduate Engineers or Physi- 
cists (Ref. E.E./9). To solve problems on ana- 
logue computors. Previous experience desirable. 


Degree. electronic experience and a mathe- 
matical leaning essential. Good salary and 
bonus. Pension scheme — incorporating Life 


Assurance. 38 hour, 5-day week. Apply, quot- 
ing appropriate reference above, to the 
Assistant Manager. The Fairey Aviation Co 
Ltd., Weapon Division, Heston Aerodrome. 
Hounslow, Middlesex. W 3069 


DESIGN DRAUGHTSMAN is offered oppor- 
tunity of entering an expanding department 
dealing with Specialized Automatic Production 
Equipment for the Engineering Industries. 
Ingenuity and/or experience in _Mechanized 
Work Transfer and Jigging are desirable quali- 
fications for progressive position with good pay 
and conditions. Apply in writing, with details 
of age, education, experience, to Personnel 
Officer (1.H.D.) Birlec Limited, Tyburn_ Road, 
Birmingham, 24. W 3107 
DESIGN ENGINEERS & DRAUGHTSMEN 
are uired Kelvin & Hughes Limited, at 
thei rkingside, Essex. works for electro- 
mechanical instrument development work 
Recent design experience in a similar, or asso- 
ciated field is required, together with a_tech- 
nical background, preferably of at least Higher 
National Certificate standard. licants 
should also have had a a = e~ 
apprenticeship, or equivalent practica in- 
pg and < ion of some knowledge of 
Electronics is an advantage. The positions are 
permanent afd offer scope within an expand- 
ing Organization to designers of progressive 
outlook who are able to use their own initia- 
tive. Written application, in strictest confi- 
dence, should be addressed to the Personnel 
Manager, Kelvin & Hughes, Ltd., New North 
Road, Barkingside, Essex. W 3086 
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Precision drawn resistance wires 


Nickel cathode tubes 
i Grid support wire 
Silver-clad copper and Invar wire 


Contacts and contact springs 

Waveguide tube 

Rhodium electrodeposits 

Metallised ceramic bushes 

Precision silvered mica capacitor plates 

Silvered mica capacitors 

Fine fuse wires 

. Platinum : rhodium-platinum thermocouples 
Pallador thermocouples 

Mallory 73 Beryllium Copper wire and strip 

JMC Phosphor Bronze 

Bourdon, capillary and pointer tubes 

Hair spring strip 

Galvanometer suspension strip 

Wires for resistance thermometry 

Silver brazing alloys 
Precision turned repetition parts 





Technical data sheets covering JMC 
products for electrical, electronic and 
instrument engineering are available on 
request. 


Tally... 


Johnson 
Matt 


JOHNSON, MATTHEY & CO., 


LIMITED, HATTON GARDEN, LONDON, E.C.! 
Telephone : HOLborn 6989. Vittoria Street, Birmingham, |. Tel: Central 8004. 75-79 Eyre Street, Sheffield, |. Tel: 29212 





Increasing mechanisation is closely linked with 
the development of reliable instrumentation. 
Both depend on progress in metallurgy— 

a science fundamental to modern technology. 
Johnson Matthey products for the 
instrument industry are based on the 
Company’s century-long experience of 
specialised metallurgy. Supported by 
intimate knowledge of requirements this 
experience has yielded materials and 
components that contribute substantially to 
the quality, accuracy and reliability of 

the wide range of instruments in which they 
are now used. 


Originally developed for speedy 
accounting, the tabulator is now 
associated with the latest electronic 
calculating machines for the analy- 
sis of complex scientific computa- 
tions. 
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SITUATIONS VACANT (Cont'd.) 





The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 








DESIGNER-DRAUGHTSMEN required for 
work on Audio Equipment, to produce manu- 
facturing details from prototype information. 
Wide variety of work including  electro- 
mechanical devices and casing details. Apply 
Chief Engineer, Pye Limited, St. Andrew’s 
Road, Cambridge. W 3083 


DESIGNER DRAUGHTSMEN with _ sound 
experience of Presision Mechanical or Electro- 
Mechanical Equipment and holding the H.N.C. 
required on important work in the London 
on iy Large Engineering Cuoee. Salary 
in £600/£800 year range to successful appli- 
cants, together with a living allowance if com- 
ing from outside the district. Positions are 
— and Pensionable. Please write giving 
ull particulars of experience and qualifications 
to Box No. W 1291. 


DESIGNS ENGINEER. There is a vacancy for 
a Designer of Magnetic Recording equipment 
in the Domestic E'ectronics Division of E.M.I. 
A number of interesting projects are in hand 
giving scope for inventive ability to applicants 
who have knowledge of electrical circuitry or 
interest in small mechanisms. Salary will be 
commensurate with ability and all app'ications 
will be seen by the Chief Designer. Write in 
= first instance giving full details to Personnel 


pt.. E.M.I. Ltd., Blyth Road, Haves, 
Middlesex. W 3082 
DEVELOPMENT ENGINEER required for 


work on transistor amplifiers. Previous experi- 
ence need not include transistor applications 
but applicant should be conversant with 
general radio engineering practice in particular 
with negative feed back technique, Class ‘‘B’’ 
amplification and design of detector circuits. 
Appiications to: Personnel Manager (Quote 
0960), Ferguson Radio Corp. Ltd., Great Cam- 
bridge Road, Enfield, Middlesex. W 3080 
DEVELOPMENT ENGINEER required for 
work on transistor oscillators. Previous experi- 
ence need not include transistor applications 
but a fundamental knowledge of time base 
circuits is desirable. Applications to:—_Person- 
nel Manager (Quote A, 12063), Ferguson 
Radio Corp. Ltd., Great Cambridge Road, 
Enfield, Middlesex. W 3081 





DEVELOPMENT ENGINEER required Radio 
and Electronics. A small but very progressive 
and rapidly expanding Company manufacturing 
relays, switches, small motors and similar pro- 
ducts wishes to appoint a Development Engin- 
eer to work on the application of its products 
particularly in the field of radio and electronics. 
The selected applicant will be required to col- 
laborate with customers’ engineers in matters 
affecting the use of the Company’s products 
and also to assist in the development of new 
components and applications thereof. The pros- 
pects are exceptional and _ therefore only 
engineers able to advance rapidly with a new 
department should consider this advertisement. 
The qualifications called for are sound techni- 
cal training and wide experience in electronics, 
a large measure of initiative and the ability to 
work smoothly with others. The salary will be 
in proportion to the high standard of quali- 
fication required. A pension scheme is in opera- 
tion and new housing can be provided. Write 
giving full details of qualifications and experi- 
Oa state salary required to Box No. 





DEVELOPMENT ENGINEERS. A leading 
Manufacturer of Radio and Television Receivers 
has vacancies in its Laboratories for Electronic 
Engineers with experiece in the Design and 
Development of this type of equipment. 
Situated in the Midlands. Salaries accordi 

to qualifications and experience. Those in- 
par ye should ge —, details of career 
and salary expected to the Personnel Manager 
(Ref. GLB), in No. W 3037. 

DEVELOPMENT ENGINEERS to help design 
Electronic Instruments. Permanent posts, salary 
range £550-£750 p.a. according to experience. 
Taylor Electrical Instruments Ltd., Montrose 
Avenue, Slough. "Phone Slough 21381. Write 
or "phone for app intment. W 1325 


ELECTRONIC ENGINEERING 


DEVELOPMENT ENGINEERS. Applications 
are invited from men interested in design 
work on weighing and recording equipment, 
embodying electronic and _ electro-mechanical 
features, recently marketed by the Company. 
These are Staff appointments. Salaries commen- 
surate with qualifications and experience. Sick 
Pay and Pension Schemes are in operation. 
Write, giving personal particulars, to the 
Personnel Officer, The British Tabulating 
Machine Co. Ltd., Letchworth, Herts. W 3054 


DEVELOPMENT ENGINEERS. The British 
Tabulating Machine Co. Ltd., Letchworth, 
Herts, manufacturers of Electro-mechanical 
and Electronic punched card accounting and 
statistical machinery, has vacancies for Gradu- 
ate Engineers and men of Standard 
who have completed their National Service, on 
interesting Electro-Mechanical Design and 
Development work. Previous shop and design 
experience preferred. Salary according to ex- 
perience and qualifications. Pension and Sick 
Pay Schemes are in operation. Write giving 
personal particulars to Personnel Officer. (ref. 
E628E). W 2926 


DRAUGHTSMAN REQUIRED by manufac- 
turers of precision sheet metal equipment. 
Appointment first at Islington then Uxbridge. 
Experience in product design and jig and tool 
work an advantage. Excellent prospects. Alfred 
Imhof Limited, 96a Newington Green Road, 
Islington, N.1. Canonbury 1281 Ext. 14. W 3087 


DRAUGHTSMEN. An expanding pa 
rogramme has created a ber o 

or Mechanical Designers, Senior Draughtsmen 
and Detail Draughtsmen. Situated in the Mid- 
lands. The work involves the complete engin- 
eering of electronic apparatus for Government 
Contracts and of domestic Radio and Tele- 
vision equipment. Applicants interested in this 
type of work, with or without experience, are 
invited to apply, giving details of career and 
salary expected to the Personnel Manager. 
(Ref.GLB) Box No. W 2996. 


DRAUGHTSMEN: Vacancies for senior 
draughtsmen with experience of Electronic 
and/or Electro-mechanical engineering required, 
preferably with experience of Ministry require- 
ments. Excellent prospects with good commenc- 
ing salaries; non-contributory Pension Scheme 
in operation. Applications will be treated in 
strict confidence and should give full chrono- 
logical details of qualifications, experience and 
age to: John A. Smith Ltd., 24 Lichfield Street. 
Wolverhampton. W 201 


EDISON SWAN ELECTRIC COMPANY 
LI D, have a vacancy for an engineer to 
take charge of their Special Products’ Develop- 
ment Laboratory. Candidates should have an 
Engineering Degree or its equivalent, and 
should have experience in developing electronic 
equipment ready for factory production. Please 
write full particulars, including age and salary 
required, to 155 Caring, Cross Road, London, 
W.C.2. Reference K.S.P. W 184 








ELECTRICAL AND MECHANICAL ENGIN. 
EERS. Sunvic Controls Ltd. (a subsidiary of 
Metropolitan-Vickers Electrical Co. Ltd.) have 
the following vacancies in their new Develop- 
ment and Production Units at Harlow. 1. 
Graduate Engineer with experience in design or 
development of electro-mechanical mechanisms 
and their application to instrument problems. 
2. Graduate engineer with practical experience 
in the development of electronic equipment 
and preferably a knowledge of the latest 
development in pulse techniques. 3. Applica- 
tion engineer of degree standard with experi- 
ence in the application of electronic techniques 
to industrial and process control problems. 
The above positions are permanent and offer 
excellent prospects for promotion in a team 
engaged on the development and manufacture 
of a wide range of new instruments. Salaries 
will be according to age and ability. The Com- 
pany’s contributory pension scheme applies in 
all cases, and housing is available if required. 
Reply in writing. giving full particulars of age, 
experience, qualifications and present situation, 
to Chief Engineer, Sunvic Controls Ltd., 
Harlow, Essex. W 209 





ELECTRICAL ENGINEERS. Graduates re- 
uired for work associated with Automatic 
ontrol Systems. Work includes detailed design 
of control circuits and co-ordination of 
schemes. Knowledge of electronic and mag- 
netic amplifier techniques an advantage. Vacan- 
cies also for those with specialized knowled 
for development work on control systems. The 
posts are permanent and pensionable. Appli- 


cants must have completed or be exempt from 
National Service. Apply in writing, marki 

envelope ‘‘Li” to Personnel Manager, 
Metropolitan-Vickers Electrical Co. Ltd., Traf- 
ford Park, Manchester 17. W 2934 





ELECTRICAL / ELECTRONIC / RADIO 
ENGINEERS. A number of vacancies exist in 
the Design Organization of Vickers-Armstrongs 
Limited, Hursley Park, near Winchester. The 
work will include development, design and 
testing of latest specialized installations in Ajir- 
craft. Applicants with varying qualifications up 
to Degree standard are invited to apply. Salary 
commensurate with experience and ability. 
Recommendation may be made for housing 


after qualifying period. Apply:— Personnel 
Department, Vickers-Armstrongs Limited, 
Hursley Park, near Winchester. W 3129 





ELECTRICAL ENGINEERS, Senior and 
Junior, are urgently required for the Engine 
Controls Department of Smiths Aircraft Instru- 
ments Ltd. at Cheltenham. The work embraces 
Research and Development on automatic con- 
trols for aero gas turbines, magnetic amplifiers 
and electro mechanical control units. Appli- 
cants should have some experience of magnetic 
amplifiers, electronics, small electro-mechanical 
instruments or theoretical or practical aspects 
of servo mechanisms. The positions are perma- 
ment and carry generous salaries commensu- 
rate with experience and qualifications. A 
Pension Scheme is available. Applications with 
full details of qualifications, experience, and 
salary required, should made to: Personnel 
Manager, Smiths Aircraft Instruments Ltd., 
Bishop’s Cleeve, near Cheltenham, quoting 
reference 51/EN. W 1292 





ELECTRONIC DESIGN DRAUGHTSMAN 
with design experience in Electronic industrial 
applications, required by West London firm of 
consultants. Progressive position with good 
commencing salary. Write giving full particu- 
I aaa neem and experience to Box No. 


ELECTRONIC ENGINEER required for Senior 
position in an expanding laboratory engaged 
on the development of electronic equipment 
including control gear, servo-mechanisms and 
special purpose ta recorders. Applicants 
should state qualifications, experience and 
wy, pee. Write for details to Box No. 


ELECTRONIC ENGINEER required by London: 
manufacturers of Radio Components to take 
charge of measurements Laboratory and test 
gear design. Experience of measurement of 
capacitors or telecommunication cabies essen- 
tial. Salary £750 p.a. Write details of qualifica- 
tions, experience, age and present salary. Box 
No. W 186. 





ELECTRONIC ENGINEERS required for 
development work: Experience in pulse cir- 
cuits desirable: H.N.C. standard. Write (or 
call) stating age, qualifications, etc., to Per- 
sonnel Manager, Venner Electronics Limited, 
Kingston By-Pass, New Malden, Surrey. 
(MALden 2442.) W 3134 





ELECTRONIC ENGINEERS OR PHYSICISTS: 


with electronic backgrounds are required by an 
instrument firm pioneering new developments 
in the field of radiation physics. Applicants 
should be well qualified theoretically and prac- 
tically, and the post would be of particular 
interest to those who wish to increase their 
experience in contemporary electronic prob- 
lems. The salary range for the post, which is 
pensionable, will be between £900 and £1,100 
per annum, and the factory is situated im 
pleasant surroundings and can be reached in. 
about 30 minutes by train from Waterloo. 
Box No. 3060. 
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SITUATIONS VACANT (Cont'd.) 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 


ELECTRONIC ENGINEER required for 
maintenance and construction of specialized 
factory equipment. Final City & Guilds, 
Higher National or Inter B.Sc. Standard. Age 
preferably under 35. Reply stating experience 
and salary: Anglo-Celtic Watch Co., Ltd., 
Ystradgynlais, Nr. Swansea. W 1331 


ELECTRONIC ENGINEERS are wanted in 
large Midland Engineering Plant, the positions 
are progressive and interesting requiring quali- 
fied and experienced Electronic Engineers, 
Senior and junior for rapidly expanding labora- 
tory engaged upon measurement and control 
problems. State age, qualifications and _experi- 
ence fully, in confidence, to Box No. W 3109. 


ELECTRONIC ENGINEERS. Experienced 
Graduates required for work on devices employ- 
ing television technique and also the design 
of electrical circuits around transistors. Com- 
mencing salary + to £1,500 p.a. for really 
competent men. Excellent working conditions 
in new factory in Surrey (4 hour Waterloo). 
Apply Box No. W 3096. 











ELLIOTT BROS. (LONDON) Ltd., _ servo- 
components division. The growth of the newly 
formed Servo-Components Division of Elliott 
Bros. (London) Ltd., creates openings for the 
following positions:— (1) A senior engineer 
to be responsible to the Chief Engineer and to 
lead a team concerned with the development 
of electro-mechanical and hydraulic servo- 
components. Newly built laboratories are being 
equipped for the investigation of improved 
system techniques and the design of compo- 
nents to fulfil both Commercial and Service 
requirements. Applicants must possess an 
honours degree or equivalent and must have 
a sound knowledge of servo-systems and the 
design of components for quantity production. 
(2) Development engineer to undertake detailed 
experimental and development work on servo- 
systems and components. Applicants should 
possess a good University degree or the equiva- 
lent experience. (3) Senior production designer 
for small precision electromechanical com- 
ponents. This person will be required to take 
charge of a team of Desi s and Draugh 
men engaged on the production design of ad- 
vanced servo-components. Approximately 5 
years’ experience in this class of work is neces- 
sary and familiarity with modern materials and 
production techniques is essential. Applications 
for the above positions giving full particulars of 
age, education, experience and salary expected 
to Personnel Officer, Elliott Bros. (London) 
Ltd., Century Works, Lewisham, S.E.13. 

W 3116 








ENGINEERS AND PHYSICISTS with a 
Degree or H.N.C. are required for permanent 
Posts in the Guided Weapons Division of The 
English Electric Company Limited at Luton, 
for work on analogue computors and simu- 
lators. In particular a Senior Man is required 
to supervise the design and construction of a 
large general purpose computor, and there are 
Junior Posts connected with this project and 
others allied to it. Applicants should prefer- 
ably have design experience in analogue com- 
puting or related fields such as servo-mechan- 
isms and negative feedback systems. Appli- 
cations to Dept. C.P.S., 336/7 Strand, W.C.2, 
quoting Ref. S.A.50C. W 2977 





ENGINEER with electrical or physicist degree 
required for development work on testing equip- 
ment for telecommunication cables. Perma- 
nent and pensionable position at salary com- 
mensurate with experience and qualifications. 
Please apply, giving full particulars to Person- 
nel . Southern United Telephone Cables 
Ltd., Dagenham Dock, Essex. W 1316 
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ENGINEER with electrical or physicist Degree 
required for development work on 
equipment for telecommunication cables. Per- 
manent and pensionable position at salary com- 
mensurate with experience and qualifications. 
please apply giving full particulars to Person- 
nel Officer, Southern United Telephone Cables 
Ltd., Dagenham Dock, Essex. W 1300 





ENGINEERS AND DRAUGHTSMEN: Excel- 
lent opportunities for keen and enthusiastic 
engineers and draughtsmen for a wide variety 
of work associated with Radio and Machine 
Frequency, Resistance Heating Development, 
and Application problems. The posts are 
permanent and pensionable, and every oppor- 
tunity for advancement is available. Salary 
will be in accordance with age, experience and 
qualifications. Engineers for development and 
design of Radio Frequency Generators. Appli- 
eants must have had a full time electrical 
apprenticeship and experience in high power 
R.F, _ equipment. Qualifications—H.N.C. or 
full time University Degree. Engineers for 
development and design of Mechanical Hand- 
ling Equipment associated with Radio and 
Machine Frequency Heating Applications. 
Applicants must have had a full electrical or 
mechanical apprenticeship and experience in 
the design of Mechanical Handling Equipment, 
including pneumatics and hydraulics. Qualifi- 
cations—H.N.C. or full time University 
Degree. Technical Assistants and Junior 
Engineers for Experimental Laboratory work 
on problems relatéd to the application of 
Radio, Machine Frequencies, and Resistance 
Heating. Candidates must have had a full time 
electrical or mechanical apprenticeship and 
reached at least O.N.C. standard. Draughts- 
men, Seniors and Juniors for circuitry layouts, 
mechanical and electrical equipment associated 
with Radio, Machine Frequency, and Resist- 
ance Heating Applications. Candidates must 
have had a full electrical or mechanical appren- 
ticeship and have O.N.C. or H.N.C. in elec- 
trical or mechanical engineering. Write for 
application form to: The Personnel Manager, 
etropolitan-Vickers Electrical Co. Ltd., 
Trafford Park, Manchester, 17, marking 
envelope “‘R.I’’. W 3050 





EXPERIENCED Radio Testers and Inspectors 
required for production of communication and 
fadio apparatus. Also Instrument . makers, 
wirer and assemblers for Factory Test appara- 
tus. Apply Personnel Manager, E. K. Cole 
Ltd., Ekco Works, Malmesbury, Wilts. W 146 





ENGLISH ELECTRIC VALVE CO. LTD., 
Chelmsford. Junior Engineers required for 
Valve Development Work, especially on the 
application of microwave valves to circuitry. 
Applicants should have a Degree and prefer- 
ably some experience in microwave technique 
or alternatively with amateur transmitters. 
Apply, quoting Ref. 497M. to Dept. C.P.S., 
336/7 Strand, W.C.2. W 2976 





EXPERIENCED ENGINEERS are invited to 
apply for a position where energy, initiative 
and skill will be well rewarded. The work 
relates to the development of Television Cir- 
cuits, and the design of components for large 
scale production. Experience of Television 
Receiver Design is required in respect to means 
of scanning and focusing or the design of 
R.F. and I.F. Circuits. The position is a 
permanent one which offers scope for advance- 
ment to a senior position. The commencing 
salary will be in accordance with experience, 
based on a generous and progressive scale. 
Write, giving full personal particulars to the 
Personnel Manager, The Plessey Company 
Ltd., Ilford, Essex. W 3051 











ERICSSON TELEPHONES LTD. have in their 
Research Laboratories a number of vacancies 
for circuit designers and equipment engineers 
to work on nucleonic instr _and i e 
ing new developments in electronic computing 
and switching; both senior and junior posts 
are available. Applicants should have a degree 
or equivalent plus several years’ experience of 
appropriate work for the senior posts; corre- 
spondingly reduced qualifications and experience 
will be accepted for junior posts. Salaries will 
be in accordance with age, qualifications and 
experience. Applications, giving details of age, 
academic or other o—_ and qualifications, 
experience, and starting salary required, should 
sent to the Personnel Officer, Ericsson 
Telephones Ltd., Beeston, Nottingham. W 197 








FERRANTI LTD. (Moston) Manchester, have 
vacancies for Test Engineers to undertake work 
under the following headings: 1. General test- 
ing and fault finding on electronic and servo 
units. 2. Advanced testing of above units in 
final forms as analogue computors. 3. General 
testing of electronic testing outfits. (This will 
mainly involve electrical measurements.) 4. 
General testing and fault finding on gyroscopic 
instruments. 5. Design, development and 
maintenance of test equipment for electronics, 
servos and gyroscopes. Knowledge of general 
power supplies would be an advantage. A 
standard of approximately H.N.C. is desirable 
but lesser qualifications would be acceptable 
if combined with practical ability and experi- 
ence of this or analogous work (e.g., in H.M. 
Forces). Permanent Staff appointments with 
Pension benefits. Application forms from Mr. 
T. J. Lunt, Staff Manager, Ferranti Ltd., Hol- 
linwood, Lancs. Please quote reference HGN. 

W 3035 





FERRANTI LTD., (Electronics Dept.) Man- 
chester have the following vacancies at their 
Moston, Chadderton and Wythenshawe _fac- 
tories:— 1. Chief Planning Engineer for Cath- 
ode Ray Tube production. The essential quali- 
fication is previous responsibility and experi- 
ence in planning and progress, preferably, 
though not necessarily, in manufac- 
ture. 2. Process Control Engineers with con- 
siderable experience of C.R.T. production and 
of the technical problems involved. 3. Techni- 
cal Maintenance Engineer with experience of 
vacuum equipment and automatic and mech- 
anical apparatus of the used in C.R.T. 
production. Knowledge of electronic circuitry 
would be an advantage. 4. Plant Engineer. A 
young mechanical engineer, preferably with 
some knowledge of vacuum or chemical tech- 
niques is required to assist in the design of 
automatic plant for C.R.T. and valve produc- 
tion. 5. Circuit Engineer for work with new 
t of valves —— the design of cir- 
cuitry for use with em. The successful 
candidate would also assist the Sales Depart- 
ment in establishing these new types. 6. Valve 
Design Engineers holding good Honours 
Degrees in Physics or Electrical Engineerin, 
and preferably with previous experience 0 
Valve design. 7. Circuit Engineer for a 
Ceramic Valve Laboratory, having experience 
F. work and preferably of pulse circuitry. 

He would be required to determine the charac- 
teristics of advanced types of valves openin 
up new and interesting fields. Salaries woul 
depend on age and experience within the fol- 
owing ranges:— Post 1—£800-£1.000 per 
annum. Posts 2, 4, 5, 6, and 7—£600-£900 per 
annum. Post 3—£500-£700 per_annum. Perma- 
nent staff appointments with Pension benefits. 
Application forms from Mr. T. J. Lunt, Staff 
anager, Ferranti Ltd.. Hollinwood, Lancs. 
Please quote reference PDH 1, 2, 3, 4, 5, 6. 
or 7. W 2984 





FERGUSON RADIO CORPORATION Ltd., 
have a vacancy for an Engineer with initiative 
and a sound technical background to take 
charge of a small, well equipped test gear 
Laboratory situated at Spennymoor, Co. Dur- 
ham. The post is permanent for a man with 
previous similar experience and able to carry 
responsibility in a rapidly expanding department 
and offers exceptional — foe lon; 
term prospects. e su ul applicant wi 
be’ eligible for the Company’s pension and life 
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The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
a Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
ts excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 





assurance scheme. Applications in writing giving 
full particulars as to age, qualifications and 
experience to: Personnel Manager (Quote 0979), 
Ferguson Radio Corporation Ltd., Great 
Cambridge Road, Enfield, Middlesex. W 3120 


FERRANTI LIMITED, Edinburgh have vacan- 
cies for additional Junior and Senior Draughts- 
men who are suitably — and interested 
in the design of (a) Instruments, (b) Light 
Precision Mechanisms, (c) Electronic Equip- 
ment and (d) Machine Tools. Experience in 
any of the above headings is an advantage. 
but not essential for these vacancies. Apply 
quoting Ref. 23/D.D.0. and give full details 
of training and ex mce in chronological 
order to the Personnel Officer, Ferranti Limited. 
Ferry Road, Edinburgh, 5. W 3124 





FIRST-CLASS DESIGN DRAUGHTSMEN 
required for high production press tools, jigs. 
fixtures, etc., for valve and cathode ray tube 
components. Bac! d of practical experi- 
ence and O.N.C. least qualifications, but 
H.N.C. preferred. Experience in the use of 
tungsten carbide an advantage. Rates substan- 
tially above normal minimum for men of suit- 
able experience. Five-day week, staff pension 
scheme, modern welfare amenities. App'y 
Personnel Superintendent, The Edison Swan 
Electric Co. Ltd., Cosmos Works, Brimsdown, 
Enfield, Middlesex. W 3061 





GENERAL MANAGER required by a light 
engineering group of companies to operate an 
electrical instrument manufacturing business in 
Southern England which has a full order book, 
excellent equipment and very substantial 
development prospects. The successful appli- 
cant will be a man with a wide understanding 
of and technical imagination in the weak cur- 
tent field. He must be a factory trained man 
with knowledge of management practices and 
the problems of the —- light engineer- 
ing industry, whilst these qualities must be 
combined with a flair for business. The post 

@ generous salary commensurate with 
the experience and substance of the selected 
candidate, and is pensionable. Applications 
will be treated in strict confidence and should 
be made with details of age, qualifications and 
career to date to Box E.E.283 c/o 191 
G m House. B.C.2. WwW 


GUIDED WEAPONS: Design Engineers— 
Technicians. The Guided Weapons Department 
of the Bristol Aeroplane Company Limited, at 
Filton, requires to recruit the following:— 1. 
Engineer: to design and develop D.C. 

and L.F. circuitry for use in computing and 
other servo applications. A *Degree in electrical 
Engineering or an equivalent professional quali- 
fication is desirable. 2. Technical Assistant: To 
service electronic-servo test equipment. Con- 
siderable practical experience. a high standard 
education and a sense of responsibility are 
essential requirements. Applications, quotng 
D.0.35, giving details of age, experience, and 
salary required. should be addressed to the 
Personnel Manager, Aircraft Division, Bristol 
Aeroplane Company Limited, Filton House. 
Bristol. W 2986 


GYRO DEVELOPMENT ENGINEERS required 
with first-hand knowledge of development work 
in sma!l gyroscopes. ese vacancies fall into 
two categories:— (1) Mechanical development 
engineer used to handling precision bearings. 
balancing machines, etc.; (2) Electro-mechanical 
engineers with knowledge of A.C. and 

torque motors, voltage pick-offs and gyro 
motors. Write in detail or send postcard for 


form of Application, quoting Ref. 143 (1) or 
(2) to: ¢ Personnel Manager (Technical 
Employment’, de Havilland Propellers 


Ltd., 
Hatfield, Herts. W 3100 
HONOURS GRADUATE in physics or elec- 
trical engineering is required to work in a 
laboratory engaged in research and develop- 
ment on frequency control — relating 
to communication systems. € position is 
open to men and women and affords excellent 
opportunities for detailed study of the theore- 
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tical and practical aspects of the subject. Living 
accommodation for single or married persons 
can be made available. Box W. R2423, A.K. 
Advg., 212a Shaftesbury Ave., London, W.C.2. 

W 3066 





- Cation oO 


HATFIELD INSTRUMENTS LTD., who are 
now expanding their laboratories require senior 
and junior electronic engineers with experience 
in the design and test of high grade Radio and 
Industrial Laboratory Equipment. Apply in 
writing in the first instance stating age, experi- 
ence and salary required to Hatfield Instru- 
ments Ltd., 175 Uxbridge Road, meee 3 oF 
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HIVAC LIMITED, Manufacturers of specialized 
thermionic and electronic devices, offer interest- 
ing posts for scientists, engineers and tech- 
nicians in their existing organization on re- 
search and development projects in valves, cold 
cathode tubes and transistors. Previous ex- 
perience in these fields, though an advantage, 
is not essential, but a sound education and an 
active and inquiring mind are. Encouragement 
will be oe, wherever possible, to the publi- 

original work. The Company is a 
member of a major communications Group and 
the posts, which are available for both senior 
and junior applicants, are pensionable and offer 
scope for advancement. There is a five-day 
working week. Applications in writing, which 
will be treated in strict confidence, stating age. 
education, qualifications and salary expected, 


should be addressed to The Engineer-in-Chief, 
Hivac Limited, Greenhill Crescent, Harrow. 
Middlesex. W 3025 





HONOURS GRADUATES in Physics or Elec- 
trical Engineering are requi for advanced 
work in a Quartz Crystal Laboratory. The 
positions offered afford excellent opportunities 
for young men or women to specialize in the 
study of piezoelectric materials from both the 
theoretical and practical vie ints. An in- 
terest in mathematics and electronics would 
be an advantage for this work. Living accom- 
modation can be made available to successful 


applicants. Write Box W. Q9365, A. K 
Advg.. 212a Shaftesbury Avenue, London. 
W.C.2. W 3041 
INTEGRAL LIMITED, Birm’ngham_ Road, 


Wolverhampton invite applications for the 
position of Senior Engineer able to undertake 
design and development work in connexion 
with E’ectronic and pulse equipment. This is 
a responsible position and applicants should 
have had at least five years’ similar experi- 
ence. Applications to Personnel Manager, stat- 
ing age. qualifications, experience and_ salary 
required. W 1324 


INTERMEDIATE & SENIOR DRAUGHTS- 
MEN (24-30) required for Production Drawing 
Office. App'icants should have good mechani- 
cal background, together with some electronic 
knowledge. O.N.C. standard preferred. Appli- 
cations in writing may be made in the strictest 
confidence to Personnel Manager. Kelvin & 
Hughes Ltd., New North Road, Barkinvsi’e. 
Ilford, Essex. W 3078 


JUNIOR ENGINEERS required to assist in 
systems planning of Facsimile and other elec- 
tronic telegraph equipment. The work re- 
quires a standard equivalent to H.N. Cert.. 
but applicants who are less advanced and are 
continuing their studies will be given full con- 
sideration. Previous experience in Telecom- 
munications an advantage but not necessarily 
essential. The positions are = and 
pensionable and applicants who have completed 
or are exempt from National Service are in- 
vited to apply by letter to the Personnel 
Manager. Creed & Co. Ltd., East Croydon, 
Surrey. giving qualifications and any other in- 
formation they consider will enable us to ass*ss 
their suitability. W 3045 


LARGE COMPANY seeks man to _ initiate 
application of electronics to the control of 
mass-production processes. Must be able to 
work on own initiative and will be given facili- 
ties for developing new devices as well as 
advising on the copmeetion of available elec- 
tronic equipment. pplications to Ref: PEC/! 
Box 3W, 9371, A. K. Advg. 212a Shaftes- 
bury Avenue, W.C.2. W 3040 


MAINTENANCE OF MULTI CHANNEL 
DEMONSTRATION LINKS. Two Engineers, 
with suitable radio experience, required for the 
maintenance of the above. Apply, to the 
Personnel Manager, Pye Telecommunications 
Ltd , Ditton Works, Cambridge. W 3085 
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MANAGER REQUIRED for unit of a weil- 
estab'ished Engineering Company engaged in 
large scale production of Radio and Television. 
The successful candidate will have a speciali 
knowledge of this class of work and will be 
capable of advising and supervising the Design 
Laboratories, Tool Design, Planning, -.and 
Machine and Assembly departments. This vac- 
ancy offers ample scope and opportunity to a 
man with high administrative ability. Salary up 
to £2,500 per annum. London Area. Please 
reply, in confidence, giving full details to Box 
No. W 3102. 





METROPOLITAN-VICKERS ELECTRICAL 
CO. LTD., Trafford Park, Manchester 17, 
have vacancies for servo engineers with some 
practical experience in Electric servo and con- 
trol circuit design and application. bo men] 
tions required, a Degree or Higher National 
Applicants should not be less than 
26 years of age. posts are permanent 
and pensionable. Salary according to quali- 
fications and experience. Apply in wri to 
The Personnel Manager, marking envelope 
‘Servo Mechanisms."’ W 2557 


McMICHAEL RADIO LTD., Slough, Bucks, 
have vacancies from time to time for Electronic 
Engineers to be engaged on Government pro- 
iects. Those wishing to be considered are 
invited to write fully to the Chief eer, 
Equipment Division. 205 


MONSANTO CHEMICALS LIMITED invite 
app'ications for a post in research at Ruabon 
on Instrument Development work. Candidates 
should preferably be 23-28 years of age with 
an Honours Degree or equivalent in Physics 
or Electrical Engineering. A knowledge of 
Chemistry up to Higher National or Pass 
Degree would be an added advantage although 
not essential. The post, which offers good scope 
and prospects, is permanent and pensionable 
and is concerned with the development_of new 
instruments both for Physical and Chemical 
research and for Chemical Production usage. 
A salary fully commensurate with experience 
and qualifications is offered. Details in writing 
of age, education, training and experience 
should be sent to The Chief Personnel Officer, 
Monsanto Chemicals Limited, 8 Waterloo 
Place, London, S.W.1. W 3111 
MURPHY RADIO LIMITED have , vacancies 
in the Electronics Division Laboratories for 
qualified engineers to design and develop the 
following:— 1. V.H.F. and U.H.F, Communi- 
cations equipment. 2. Airborne and Ground 
radar equipment. 3. Computing devices and 
servo systems. 4. Nucleonic equipment and 


Certificate. 


measuring instruments. 5. Transistors. The 
salary range is £600—£1,000 per annum 
experience. Further 


dependin u i 
poets ene available to engineers of H.N.C. 
standard or equivalent having less experience. 
the salary range being £450—£650 per annum. 
These vacancies are at Welwyn Garden City 
but one or two vacancies of a similar nature 
are available at the yee Works. Applica- 
tions, giving age, full details of qualifications, 
experience and_ salary required, should 

forwarded to Personnel Department, Morphy 
Radio Ltd., Welwyn Garden City. W 3015 








MULLARD RESEARCH LABORATORIES in 
Surrey have a ber of v ies for Physi- 
cists and Electronic Engineers with a good 
Degree or equivalent qualification for work in 
a variety of projects including: (1) Solid 
Physics and Semi-Conductors. Q) Magnetic 
Materials and applications. (3) Microwave tech- 
niques. (4) Advanced Electronic circuit tech- 
niques, including Transistor applications. (5) 
Colour Television. (6) Computers and Servo- 
Mechanisms. Some years experience in one or 
more of these fields is desirable, but recent 
and prospective graduates are also invited to 
apply. Mathematics graduates with experimen- 
tal leanings are not excluded. Successful appli- 
cants will join teams engaged on rf ch and 
advanced development projects. Publication of 
original work wherever possible is encouraged 
Salaries are based on qualifications, experience 
and age. and are in keeping with present-day 
levels. General prospects within the organiza- 
tion are excellent. Apply to Personnel Officer, 
Mullard Research Laboratories, Cross Oak 
Lane, Salfords, near Redhill, Surrey, quoting 
reference E.R:L. W 2916 
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SITUATIONS VACANT (Cont'd.) 








The engagement of persons answering these 
advertisements must be made through a Lo 

Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 

tion of Vacancies Order, 1952. 





MULLARD RESEARCH LABORATORIES re- 
— Electronic Engineer(s) for interesting 
design and development work on_ laboratory 
instruments and test equipment. Applicants must 
be capable of working on their own initiative 
and should have academic qualifications ranging 
from City and Guilds Final Certificate or 4th 
year National Certificate (Radio) to Degree 
standard. Several years experience in electronics 
is desirable and a good knowledge of pulse 
techniques is preferred. The positions offered 
are permanent, progressive and carry attrac- 
tive salaries. Applications should in the first 
instance be addressed to the Personnel Officer, 
Mr. G. A. — Mullard Research Labora- 
tories, Cross Oak Lane, Salfords, near Red- 
hill, Surrey, quoting reference VPL (C). W 2911 





ONE OR TWO RESEARCH ENGINEERS are 
required by The English Electric Co. Ltd., at 
their Guided Weapons Division at Luton for 
extended studies into miniature high speed 
turbines and pumps, hydraulic servo systems 
and their associated control valves. The suit- 
able men should be well qualified in mechani- 
cal engineering but an ability for original 
thought, and to work without supervision is of 
Paramount importance. Salaries will be 
generous to the right applicants and housing 
assistance is possible. These posts offer ex- 
cellent prospects for original work for which 
every facility will be offered. Applications to 
Dept. C.P.S., 336/7 Strand, W.C.2, quoting 
Ref. 1181D. W 3023 





NELSON RESEARCH LABORATORIES, 
English Electric Co. Ltd., Stafford, have a 
vacancy for a Physicist having an interest in 
solid state physics and electronics, to work on 
the fundamental properties and applications of 
materials suitable for use in electronic storage 
devices. An Honours Degree and some research 
experience are desirable. Salary at present-day 
levels in accordance with age and qualifica- 
tions. Please reply to Dept. C.P.S., 336/7 
Strand, W.C.2, quoting Ref. 1353B. W 2979 


PHYSICISTS AND ENGINEERS. Vacancies 
occur in the Aerodynamics Department of a 
rapidly expanding aircraft instrument firm 
engaged on the design and development of 
Autopilots for aircraft and helicopters. Sub- 
stantial salaries are offered to men with experi- 
ence of Aircraft Flight Trials and Stability. and 
Control Analysis. Background in servomechan- 
ism an advantage. Please forward full details. 
with salary required (which will be treated in 
strict confidence) to: Personnel Officer, Louis 
Newmark Ltd., Prefect Works, Purley Way, 
Croydon. Hydraulic Engineer is urgently re- 
quired by our rapidly expanding Aircraft and 
Industrial Control Department. Previous experi- 
ence of flying control servosystems would be 
an advantage. The post involves direct liaison 
with manufacturers and applicants must, 
therefore, have the necessary personality. Sub- 
stantial salary and excellent prospects. Apply: 
The Personnel Officer, Louis Newmark Ltd.. 
Prefect Works, Purley Way, Croydon. W 3108 


PROJECT ENGINEERS. To control afd co- 
ordinate electronic and mechanical ojects. 
Experience of estimating, planning, time and 
motion study desirable. A ge: Position 
in expanding firm. High salaries. Superannua- 
tion scheme. Box No. W 3097. 
PYE TELECOMMUNICATIONS Ltd., Ditton 
Works, Combriies. invite applications for the 
following posts. Marine Sales Engineer to pro- 
mote the selling of Marine Communication and 
associated equipment. Sales Engineer to promote 
the sale of communication equipment. Training 
given to suitable applicants lacking experience. 
Apply, giving fullest details to Personnel 
anager. W 3147 
QUALIFIED PHYSICISTS and Radar En- 
gineers required to study problems involving 
microwave propagation in conjunction with 
newly-developed materials. Previous radar ex- 
perience essential. Box No. W 3142. 


RADIO ENGINEER for Bulawayo, Southern 
Rhodesia. Design and Development Engi 





in confidence and should be addressed to the 
Director of Research, British Telecommunica- 
tions Research Ltd., Taplow Court, Taplow, 
Bucks, W 2957 


RESEARCH ENGINEERS — preferably of 
Degree standard, and with a sound knowledge 
of communications and, particularly electronics 
required- for experimental. work relating to 
underwater sound apparatus. Applications giv- 
ing past experience, technical qualifications, age 
and salary required, should be add: to the 
Personnel Manager, Kelvin & Hughes Ltd., 
New North Road, Barkingside, end, Oe 


SCIENCE GRADUATE aged 21-26 required in 
Tolworth, Surrey area, for investigation and 
development work on Ceramic dielectrics. 
Sound electrical knowledge essential. Some 
experience in this field an advantage. Con- 
sideration will be given to man not yet TT 
fied but who intends to do so. Box W 1318. 


SCIENCE GRADUATE or equivalent required 
for development work on _ dielectrics. Know- 
ledge of one or more of the following an 
advantage—statistical methods, polymers, elec- 
trical measurements, insulat: materials. Very 
good prospects and conditions of service. 
Men intetested to visit the works should write 
or telephone the Personnel Manager, for an 
appointment. Telephone Manufacturing Co. 
Ltd., Sevenoaks: Way, St. Mary Cray, Kent. 
Orpington 26611. W 3053 
SENIOR AND JUNIOR RESEARCH 
PHYSICISTS preferably with University or 
Industrial Research experience are required to 
undertake basic research work on Thermionic 
Emission and related aspects of service physics. 
Wide scope and good prospects for men with 
initiative. Applicants should write to the 
Manager, Research Department, Metropolitan- 
Vickers Electrical Co. Ltd., Trafford Park. 
Manchester, 17, giving particulars of their 
age, qualifications and experience and ane 





with at least five years’ experience on domestic 


radio. Salary £1,200 per annum with free air 
Passage to odesia. Applicants will be inter- 
viewed in London. 


ae should be 
made to Box No. W 1320. 


RADIO VALVE ENGINEERS. Vacancies exist 
for several ——— to carry out Pre-Produc- 
tion, Quality Improvement and Testing work 
in connexion with an expanding ogramme 
of American type Miniature and Pinch type 
valves. Immediate work is -available for fully 
experienced engineers and a for one or 
two juniors with the necessary technical back- 
ground. Good salaries offered to the right appli- 
cants. Pension Scheme. Modern canteen, and 
other facilities available. App'y. in writing to 
the Personnel Officer, British Tungsram Radio 
Works Limited, West Road, Tonenhem, Fi, 


R. B. PULLIN & COMPANY Ltd., invite 
applications for the following vacancies in their 
recently formed and expanding Electronic 
Development Division: (a) Senior Development 
Engineer. Applicants should possess an Honours 
Degree or equivalent qualifications, and should 
have had several years’ experience of the 
development of electronic circuits, preferably 
includ work on electrical servos and mag- 





NELSON RESEARCH LABORATORIES, 
English Electric Co. Limited, Stafford, have 
vacancies for Assistants in interesting work on 
the Physics, development and applications of 
magnetic and electrical insulating materials 
and devices. Graduates with or without indus- 
trial experience and people with National Certi- 
ficates in Electrical Engineering or Physics are 
required. Reply to Dept. C.P.S., 336/7 Strand, 
W.C.2, quoting Ref. 312A. 2980 





PHILIPS (BALHAM) WORKS LTD., 45 
Nightingale Lane, S.W.12, require Graduate in 
Electrical Engineering or Physics for develop- 
ment of nucleonic and scientific instruments 
preferably with experience in electronics. Per- 
manent appointment with excellent prospects. 
Pension heme. Applications should be 
addressed to the Personnel Officer. W 3004 


PHYSICISTS required for applied research on 
‘the microwave properties of ferrites at a 
laboratory pleasantly situated in Northampton- 
shire. Applicants should have an Honours 
Degree in Physics. Previous experience of 
microwave techniques an advantage but not 
essential. Box No. W 3140. 
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netic amplifiers. (b) Junior development 
engineer. Qualifications to O.N.C. or , 
standard together with some previous experi- 
ence of valve circuit design. The positions 
are of a permanent nature; they offer excellent 
prospects and the opportunity to work in a 
newly equipped eer tea on a variety of pro- 
jects requiring considerable individual technical 
responsibi'ity and initiative. A commensurate 
salary will paid. Contributory _ pension 
scheme, canteen and_ recreational facilities. 
Applications will be treated as confidential, and 
should be made to the Superintendent Elec- 
tronic Development Division, R. B. Pullin & 
Company Ltd., Phoenix Works, Great West 
Road, Brentford, Middlesex. W 3132 
RESEARCH AND DEVELOPMENT _ENGIN- 
EERS are required for work on Electronic 
Switching, Computing and Control Apparatus. 
Applicants should preferably have had experi- 
ence of one or more of the above. A good 
porate ia degree in engineering or physics 
would an advantage. Further vacancies 
exist for Engineers and Technical 
Assistants. Excellent opportunities for ad- 
vancement to more senior positions. Starting 
salary, according to qualifications and experi- 
ence, will be in the range of £ to £1,100 per 
annum. The Company operates a Superannua- 
tion Scheme and offers attractive working con- 
ditions with generous holiday and leave 
arrangements, and good social and recreation- 
al facilities. All applications will be dealt with 


Junior 





ELECTRONIC ENGINEERING 





SENIOR AND JUNIOR design draughtsmen 
required for interesting work in connexion 
with electronic equipment, commercial radio 
and television and/or light electro-mechanical 
engineering. Londom area. The positions vacant 
offer ample scope and opportunity for future 
advancement to men of good ability. A high 
salary will be paid to the selected candidates. 
All recognized staff privileges available. Please 
reply. giving full details of experience to Box 
No. W 3008. 





SENIOR DESIGN AND DEVELOPMENT 
ENGINEERS required for work of an interest- 
ing nature in connexion ‘with Microwave, 
Electronic and Mechanical development of 
Guided Weapons and associated equipment. 
The vacancies offer ample opportunity for 
advancement in a modern laboratory. T 

positions are permanent and the commencing 
salaries will be in accordance with experience 
and will be based on a geaecoms and progres- 
sive scale. Degree or H.N.C. Please reply, in 
confidence, giving full particulars to: e 
Personnel Manager, The _ Pilessey Congeey 
Limited, Vicarage Lane, Ilford, Essex. W 307! 





SENIOR DRAUGHTSMEN. Due to expansion 
of the Electronics Division of the Plessey Com- 
pany Limited there are several vacancies for 
experienced men in the following fields: 1. 
Design of a wide range of electronic equip- 
ment, including work to Service requirements. 
2. Mechanical design of precision mechan- 
isms for quantity production. These vacancies 
carry attractive salaries and long term pros- 
pects in reward for hard work and offer good 
staff conditions including superannuation and 
insurance schemes. Applications, which will be 
treated in confidence, should be addressed to: 
The Plessey Company Limited, Vicarage Lane. 
Ilford, Essex. W 3052 





SENIOR ELECTRONIC ENGINEER wanted 
to take charge of Field Project for initial 
period of 18 months. Age Group 27 to 35. 

ust be single and medically fit and prepared 


to take complete charge of organization, 
administration: and technical supervision of 
team in isolated situation abroad. Qualifications 
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The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
a Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 





required B.Sc. ree or H.N.C. plus at least 
three years’ \ oe in electronies or Final 
Cert. Five years’ Course C. & G. Good pros- 
pect of permanency in large and expanding 
organization. Overseas salary £1,250 to £1,400. 
Box No. W 3139. 





= ESTIMATORS required for an fe. 
ic ¢ngineering company employing 1,500 
rsonnel. Candidates should have a compre- 
hensive experience of the electronics and/or 
light electro-mechanical engineering fields with 
special emphasis on Ministry contracts. These 
are attractive vacancies and call for men who 
can justify a good salary. Superannuation 
© in operation. London area. Please 
reply, in confidence, giving full details to Box 
No. W 3009. 





SENIOR TELECOMMUNICATIONS Engineer 
A well known and expanding electronic engin- 
ecring pany in the London area requires 
a Senior Telecommunications Engineer to take 
control of a department dealing with Micro- 
wave Link Systems. Applicants should have 
had considerable previous experience, both in 
design and application, in this field; prefer- 
ably holding at present a position as deputy 
head of a large telecommunications department. 
A very substantial salary is offered, and a 
Pension Scheme — is in operation. Applicants 
should be of British Nationality. Please rep'y 
Stating age, experience, etc., to Box E.E 872 
c/o, 191 Gresham House, E.C.2. W 214 





SENIOR TECHNICAL ENGINEERING 
STAFF. A London Engineering Company in- 
vite applications from Project Engineers who 
ere capable of taking cifirge of Microwave, 
Electronics and Mechanical Engineering 
development in connexion with Guided 
Weapon and other applications. These posi- 
tions are permanent and offer ample oppor- 
tunity for further advancement. The commenc- 
ing salaries, which will be in the region of 
£1,000 per annum upwards according to quali- 
fications and experience, will be subject to 
review on a generous scale. Engineering 
degree or H.N.C. Replies, which will be 
treated in utmost confidence, should give full 
details of qualifications and experience and 
be addressed to Box No. W 3055. 





SENIOR TRANSFORMER DESIGNER re- 
quired to take charge of Design Office dealing 
with small transformer, rege audio, pulse, 
etc. Excellent prospects for an engineer with 
ctical experience as well as academic know- 
ledge. London area. Box No. W 3093. 


SHORT BROTHERS & HARLAND LIMITED 
wish to engage Senior Engineers, Engineers and 
Technical Assistants for the Electronics Section 
of their Research rtment, to work on 
Guided Missiles. Computing Systems, Naviga- 
tional Equipment. and other interesting pro- 
jects. Applicants should preferably have experi- 
ence of servo-mechanisms, precision electronic 
or radio circuits, instruments or test gear. 
Qualifications required are: Senior Engineers— 
Honours e with at least five years’ good 
engineering experience, and the ability to con- 
trol a development team. ineers—University 
Degree, or ecuivalent, with several years’ ex- 
perience of development work. Technical 
Assistants—H.N.C. or equivalent with good 
practical experience in appropriate field. These 
are permanent positions in an expanding organi- 
zation with new and well-equipped laboratories. 
vuud salaries and prospects for men with 
initiative; pension scheme: assistance with 
removal and housing. Interviews can be 
arranged either in London or Belfast. Applica- 
tions will be treated as strictly confidential. Send 
full particulars of age, qualifications. experi- 
ence with salary required to Staff Appointments 
Officer. Orte Brothers & Harland Limited, 
P.O. Box 241, Belfast, quoting Ref. No. ee Piss: 


-ELECTRONIC ENGINEERING 


SHORT BROTHERS & LIMITED 
have vacancies in their Research Department 
for two mathematicians to undertake the 
theoretical investigation of automatic controls, 
navigational systems, etc. Applicants must 
possess an Honours Degree, and some experi- 
ence of electronic, instrument or servo systems. 
Good salary and prospects in a rapidly expand- 
ing organization. Pension Scheme; assistance 
with housing and removal. Interviews can be 
arranged in London or Belfast. Applications will 
be treated as strictly confidential. Send full 
particulars of age, qualifications, and experience 
to—Staff Appointments Officer, Short Brothers 
& Harland Limited, P.O. Box 241, Belfast, 
quoting Ref. No. S.A.34. W 2953 


SHORT BROTHERS & HARLAND LIMITED 
wish to engage Senior Engineers, Engineers and 
Technical Assistants for the Electro-Mechanical 
Section of their Research Department for work 
on Automatic Controls, Navigational Systems 
and other interesting military and commercial 
projects. Applicants should have had some ex- 
perience of instruments, small Electro-magnetic 
devices, gyroscopes, or systems employing such 
components. Qualifications required are: Senior 
Engineers: Honours Degree plus at least five 
years’ good engineering development experience, 
and the ability to control a development team. 
Engineers: University Degree, or equivalent, 
with several years’ experience of development 
work. Technical assistants: C. or equiva- 
lent, with good practical experience in appro- 
priate field. These are permanent positions in 
an expanding organization with new and well- 
equipped laboratories. Good salaries and pros- 
pects for men with initiative; pension scheme; 
assistance with removal and housing. Interviews 
can be arranged either in London or Belfast. 
Applications will be treated as strictly confi- 
dential. Send full particulars of age, qualifica- 
tions, experience with salary required to Staff 
Appointments Officer, Short Brothers & Harland 
Limited, P:O. Box No. 241, Belfast, quoting 
Ref. S.A.32. W 2954 


SIEMENS BROTHERS & CO. LTD., require 
technicians for their Research Laboratories at 
Blackheath S$ E.3, engaged in work on elec- 
tronics and telecommunications. Pensionable 
staff posts with good prospects of advancement. 
Apply in writing to Siemens Brothers & Co. 
Ltd., Ref. 744/12, Woolwich, S.E.18, giving 
particulars of age, qualifications, training. 
experience and salary required. W 3047 


SIEMENS BROTHERS & CO LTD., have 
vacancies in their laboratories at Woolwich for 
Assistant Engineers to carry out experimental 
work on electronics as applied to long distance 
telephony. The work covers multi-channel 
carrier current telephony and telegraphy over 
long distance open-wire lines and cables in 
addition to V.H.F. and U.H.F. radio circuits. 
Fie'd trials for such new equipments afford 
opportunities for short periods of overseas ex- 
perience, and young engineers can obtain 
overseas installation experience. The labora- 
tories are also engaged on the development of 
specialized carrier current terminal equipment 
for use with submarine cable systems employ- 
ing submerged repeaters. Opportunities are 
available for dealing. with mechanical design, 
the physical principles of component design 
and the miniaturization of equipment. There 
are vacancies for young engineers who wish 
to take up sales and project engineering work 
involving commercial as well as technical re- 
quirements. This work necessitates a period of 
laboratory training before undertaking over- 
seas travel. Applicants should have Ordinary 
National Certificate or higher qualification. 
Experience in the maintenance of multi-channel 
carrier telephone or telegraph equipment an 
advantage. Apply Siemens Brothers & Co 
Ltd., Ref. 744/11, Woolwich, S.E.18. W 2964 


SIMMS MOTOR UNITS LTD. require a 
Laboratory Assistant for the research and 
development of electronic and electro-mechani- 
cal mechanisms associated with the commercial 
vehicle industry. H.N.C. or equivalent 
standard. Apply by letter stating age. qualifi- 
cations and experience to Personnel Manager, 
Simms Motor Units Ltd., Oak Lane, Finchley, 
N.2. W 1317 


SMITHS AIRCRAFT INSTRUMENTS _ have 
vacancies at Cheltenham for 2 Senior Engin- 
eers in their Engine Controls Laboratory for 
research and development on Gas Turbine elec- 
trical servo control equipment. Applicants, 
who should have a niversity . 
A.M.1.Mech.E., A.M.1.E.E., A.F.R Ae.S., or 
similar qualifications, must be capable of lead- 
ing a small team, and have experience in, and 
a knowledge of one of the following: (a) 
Theoretical and/or practical aspects servo 
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mechanisms. (b) Magnetic 
amplifiers. These posts are permanent, and 
salaries will be within the range £1,000-£1,500. 
A Pension Scheme is available. Applications 
should be made to the Personnel Manager, S. 
Smith & Sons (England) Ltd., Bishops Cleeve, 
Cheltenham, quoting ref.: 56/EN. W 1322 


TECHNICAL ASSISTANTS required for 
development of electromechanical and _ elec- 
tronic instruments (Marine). Work involves 
initial experiments, sea-going trials, pre-produc- 
tion models and factory liaison. Occasional 
visits Overseas are arranged. Qualifications— 
Practical: 5 years Workshop or Drawing ‘Office 
experience. Academic: City & Guilds Tele- 
communications Finals Group Certificate, or 
equivalent. Applications, stating salary re- 
quired, should be addressed to the Personnel 
Manager, Kelvin & Hughes Ltd., New North 
Road, Barkingside, Essex. W 3077 


Electronics. (c) 





SPECIAL PURPOSE MACHINERY and sie 
ment design draughtsmen required. O.N.C. 
least qualification, but H.N.C. preferred. Men 
with imagination and initiative to develop 
original ideas with minimum direction. Basic 
applied electrical knowledge an advantage. 
Rates substantially above normal minimum for 
men with suitable experience. Five-day week, 
staff pension scheme, modern welfare ameni- 
ties. Apply Personnel Superintendent, The 
Edison Swan Electric Co. Ltd., Cosmos Works, 
Brimsdown, Enfield, Middlesex. W 3062 





TECHNICAL SALES MANAGER with sound 
know'edge of Television., Give full details 
education, technical qualifications, sales ex- 

rience, knowledge of overseas countries and 
anguages spoken. Reply, Ferguson Radio 
Corporation, Export Division, 105 Judd Street, 
WEL. W 3133 


TELEPHONE CABLE ENGINEER. British 
Insulated Callender’s Cables Ltd., require an 
experienced engineer to specialize in telephone 
transmission and distribution schemes. In this 
rapidly expanding field the post offers good 
opportunities for the right man. Applicants 
should have a good technical background 
coupled, preferably, with experience in the 
design or installation of telephone cable 
systems. Some experience of the associated 
terminal and repeater equipment would be an 
advantage. Replies quoting reference number 
P/88/55, should be addressed to the Staff 
Officer, B.I.C.C. Ltd., Prescot, Lancs. W 3143 


TELEPHONE ENGINEERS. A_ well-known 
London company manufacturing Telecommuni- 


cations equipment have vacancies in their Sales~ 


Section for (a) Engineers for preparing tenders. 
(b) Engineers for editing and writing technica’ 
publications, (c) Engineers for instructing and 
training customers’ engineers. Should have es 
knowledge of carrier telephone and .F. 
telegraph systems. Canteen and Sports Club 
facilities. Pensionable Staff ts. State sgt. 
qualifications and experience. Box No. W 2965. 


TEST ENGINEERS are required by a Leadin 
Midlands Manufacturer for:— (1) Testing an 
Fault Finding on Radar Units and other 
Electronic Devices. (2) Construction and main- 
tenance of Test Equipment. (3) Testing and 
Fault Finding on domestic Radio and Tele- 
vision Receivers. These progressive positions 
cover a wide range of activities and selection 
will be made not only on experience but 
also on ability to respond to further training. 
Ex-Service technicians are particularly suitable. 
Applicants oo write, giving ery ed ones 
to date and salary expected to the Personne 
Manager. (Ref. GLB), Box No. W 3036. 





TESTERS required for high-grade Radar and 
Electronic work. Ordinary or Higher 
National Certificate an advantage, but men with 
suitable Service or Civilian experience will be 
considered. Opportunities of advancement 
available for progressive candidates. Good 
nage of ye canteen B eran — ete. Apply 
to the Employment artment, etropolitan- 
Vickers Electrical Co. Ltd., Trafford Park, 
Manchester 17. W 2786 


-_-- 





THE BRITISH THOMSON-HOUSTON Co. 
Ltd., require graduate engineers and Physicists 
for the des construction and processing 

of magnetron and other electronic 
valve developments. The. work is carried out 
in close association with a small machine shop 
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The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 





and pilot production unit and ev encourag- 
ment is given to the development of new ideas. 
It is work in which both practical and theoreti- 
cal interests are desired. Applicants should write 
to the Director of Research, British Thomson- 
Houston Company Ltd., Rugby, giving their 
age, qualifications and experience and quote 
reference W 3115 


THE BRITISH THOMSON-HOUSTON Co. 
Ltd., require a Physicist or an _ Electrical 
Engineer in their research laboratory at Rugby 
for work connected with the development of 
new types of electric lamp. In addition to the 
determination of the Physical design and 
measurement of electrical and optical charac- 
teristics, the work involves the development of 
the associated circuitry which is often of special 
nature. Applicants are invited to send particu- 
lars of their qualifications to the Director of 
Research, British Thomson-Houston Co. Ltd., 
Rugby, quoting reference BE. W 3114 


THE EDISON SWAN ELECTRIC COMPANY 
LTD., have vacancies in their Special Products 
Development Laboratory for Engineers for 
Development work on a wide range of elec- 
tronic instruments and apparatus for Medical, 
Industrial and Government use. Please write, 
stating experience, age and salary required to 
155 Charing Cross Road, London, W.C.2, 
reference SP/LAB. W 213 


THE GENERAL ELECTRIC CO. 
Brown’s Lane, Allesley, Coventry, requires 
Mechanical Development Engineers, Designer- 
Draughtsmen and Draughtsmen, preferably with 
experience of Radar type equipments for work 
on Guided Weapons and like projects. Also 
required, Senior and Junior Electronic Develop- 
ment Engineers, particularly in the field of 
Microwave and Pulse Applications. Salary 
according to age, qualifications and experience. 
Apply by letter stating age and experience to 
the Personnel Manager. Ref. RG. W 208 


LTD., 


TRANSFORMER and Filter design Engineer 
required to take charge of design and manu- 
facture. Qualifications and experience essential 
Apply, to Personnel Manager, Pye Telecom- 
munications Ltd., Ditton orks, Cambridge. 
W 29 


TWO DRAUGHTSMEN required for work on 
interesting electronic development for ‘small 
progressive Company near Southampton. Reply 
Stating age, qualification, experience and salary 
expected to Box No. W 1330. 


TWO GRADUATE PHYSICISTS or electrical 
engineers with an interest in electronic engin- 
eering are required for the development of 
equipment for the measurement of the proper- 
ties of semiconcuctor materials and devices. 
Previous experience in the design and construc- 
tion of electronic equipment is desirable for 
one of the vacancies. Box No. W 2922. 


ULTRA ELECTRIC LTD., Western Avenue, 
Acton, W.3 announce the following vacancies 
for Engineering Staffs. (1) Television Develo 

ment. (a) Senior Engineers required for T.V. 
Receiver design. Applicants should have good 
academic qualifications and experience of the 
design of radio frequency amplifiers, prefer- 
ably up to frequencies of the order of 200 
Mc/s. (b) Senior Engineers for Time Base 
development. Applicants should have good 
academic qualifications and previous experience 
in the design of T.V. Scanning circuits. (c) 
Junior Engi 'S with demic qualifications 
Or experience in T.V. Receiver development. 
(2) Radio Development. (a) Senior Engineers 
required for development of radio receivers. 
embodying the most recent AM/FM techniques. 
Knowledge of F.M. receiver design desirable. 
(b) Junior Engineers required for receiver 
design; experience desirable but not essential 
if possessing Higher N.C. or C. and G. (Tele- 
coms.) Final Cert. (3) Electronics. (a) Senior 
Electronics Engineer with some experience of 





-Circuit design for work in one of the following: 


(i) Pulse techniques and general waveform cir- 
cuitry. (ii) Radar Display. (iii) Feedback tech- 
niques at video frequencies. (iv) Simple Servo 
devices. Successful applicants will have oppor- 
tunities of studying recent American techniques 
and they should be capable of accurate record- 
ing of experimental and design data and the 
preparation of technical servicing information. 
(b) Electronic Engineers for work on one or 
more of the above subjects. (4) Test Equipment 
Development. (a) Test Equipment Development 
Engi for design and development of pro- 





THE PLESSEY COMPANY LIMITED needs 
Engineers for Radio and Television. Experience 
in Circuit Design and Company Design advan- 
tageous. Will interested persons please write, 
with full details to Mr. J. Rhys-Jones, The 
Plessey Company Limited, Boreham Wood 
Laboratories, Manor Way, Boreham Wood, 
Herts W 3076 





THE TELEGRAPH CONDENSER CO. LTD.. 
invite applications from Engineers fully experi- 
enced in Radio and Television design to assist 
Chief Development Engineer in development of 
printed circuits. Qualifications at least to 
A.M.1.E.E. standard. This position offers 
scope for the right man who must be capable 
of initiating and following projects to finality, 
including contact with customers. Superannua- 
tion scheme. Write giving full details of quali- 
fications and experience, age and salary re- 
quired, to Personnel Manager, T.C.C. Ltd., 
North Acton, W.3. W 2932 


THE TELEGRAPH CONDENSER CO. LTD., 
require Radio and TV Engineer with labora- 
tory experience for work in connexion with 
printed circuits. H.N.C. standard. Superannua- 
tion scheme. Write giving full details of edu- 
cation and experience, age and salary required 
to Personnel Manager, T.C.C. Ltd., North 
Acton, W 2933 


THREE MEN FROM COLLEGE with a good 
degree in light electrical engineering in elec- 
tronic equipment and _ small mechanical 
apparatus in audio frequency field, also one 
with a degree and experience in planning, in- 
stallation of electronic equipment, preferably 
with film studios. Personnel Manager, 
Westrex Company Ltd., Coles Green Road. 
N.W.2. : W 1315 
TRANSFORMER DESIGNER required foi 
development projects involving eetighe 
power transformers, pulse transformers, oil-filled 
units, etc. Apply stating age, qualifications and 
experience to the Personnel Manager (Ref 
R.G.), The General Electric Co., Ltd., Brown's 
Lane, Allesley, Coventry. W 192 


MAY 


1955 


duction test equipment for T.V., radio or con- 
tract work. Applicants should have Higher 
N.C. or equivalent and good experience. (b) 
Junior T.E. Engineer with some qualifications 
or preferably some experience. (c) Measure- 
ments Section Laboratory Assistant (m. or f.) 
with some technical knowledge and experience 
of calibration and certification of electronic 
equipment. Applicants are requested to write 
to the Personnel Manager, stating which of 
the post(s) desired and giving full details (in 
strictest confidence) including age, experience 
and salary expected. Saturday morning_inter- 
views can be arranged if desired. W 3031 


URGENTLY REQUIRED ele young men as 
Electronic Wiremen, assemblers and _ fitters, 
a'so Junior and Senior Test Engineers in con- 
nexion with Television Cameras and ancillary 
equipment. Apply in writing to Personnel 
Office, Dept. 24, Pye Ltd., Radio Works. Cam- 
bridge. W 3145 


WINSTON ELECTRONICS LTD. have a 
vacancy for an engineer in their development 
laboratories. Applicants should have several 
years’ experience on audio frequency circuits, 
in addition to general electronic circuit know- 
ledge, and would be required to work on 
loudspeaking telephone equipment. A re'iable 
who can co; both with 


man is required, z t j 
development work, and with _ installation 
queries. Apply in writing to Chief Engineer, 


Winston Electronics Ltd., 1 Park Road, ae 
ton Hill, Middlesex. W 3094 





Further “ Situations Vacant’’ advertisements 
appear in display form on pages 85, 110, 
419, 137 and 140. 








SITUATIONS WANTED 





ELECTRONIC ENGINEER, 36, Degree, 
executive, 14 years’ electronic experience, versa- 
tile, inventive ability, flair for original and 
precision work, GW. experience, seeks senior 
progressive post where integrity, enterprise and 


13 








ability to achieve greatly improved results are 
appreciated. Salary range £1,000-£1,200, with 
house. British. Home Counties preferred. 
but not essential. Box No. W 1335. 


EXECUTIVE ENGINEER with 15 years’ elec- 
tronics experience seeks responsible post 
where drive and initiative will be adequately 
rewarded. Box No. 333. 


SENIOR TRIALS ENGINEER with several 
years’ experience in guided weapon field, 
seeks Position of responsibility where 
organizational ability can be usefully em- 
ployed. Experience includes development, 
test and instrumentation embracing guidance 
and control. Comprehensive experience of 
trials including period spent in Australia, cover- 
ing part and overall responsibility for Missile. 
Fully mobile and well used to arduous and 
responsible work involved. Position more 
important than salary. Box No. W 1332. 





ood fully screened. T 


Type 5M3, 375-0-375 v. at 


for relays, etc., . 6d. 
and [wegen * Power Chokes. Open wound type 
and 


m.a. 
m.a, 


a. 18s. 6d. Type 5M12. 3 Henry at 10 amps. 


Bourne House, 


FOR SALE 





MAGSLIPS. SELSYNS and many other items 
connected with automatic and remote control 
mechanisms are marketed by Servo & Electronic 
Sales Ltd. Brochure available on reauest See 
our display advertisement on page 140. W 202 


METAL-GLASS SEALS. Single way hermetic- 
ally sealed terminals for soldered connexions 
and fixing. Mostly 1kv and 2kv sizes. New: 65s. 
per 1,000 assorted. P. B. Crawshay, 94 Pixmore 


Way, Letchworth, Herts. Tel. 1851. W 215 
POWER EQUIPMENT BARGAINS. . Potted 
Mains Transformers. These are of _ really 


superior construction fitted in cast metal cases 
and compound filled. Terminals come to ebonite 
baseboard. All are upright mounting and have 
220/230 normal 50 cycle mains input and fully 
screened primary. Type S5F1. 265-0-265 at 300 
m.a.; 6.3 v. at 7 ‘amp; 4.4 v. at 2.5 amp.; 
Price 35s. plus 3s. 6d. carriage. Type 5F2. 365- 


0-365 at 150 m.a.; 4 v. at 2.5 a.; 6.9 v. at 
4.2 a.; Price 32s. 6d., carriage and packing 
3s. 6d. Type 5F3. 1540 v. 2 v. at 2a; 4 v. 


at 1 a. This is an ideal transformer for tele- 
visors and scopes using .97, etc. Price 
25s. carriage 2s. 6d. Potted Chokes. These 


chokes are in similar type cases — re 


match the above transformers. Type 5H. 
at 300 m.a. Price 10s. carriage and packing 
2s. 6d. Type 5F5. 10 H. at 150 m.a. Price 
12s. 6d. post and packing 2s. 6d. High Power 


Transformers. For R.F. Heaters, transmitters, 


etc., etc. These are open wound type for maxi- 
mum cooling and have the normal 200-250 
ype SF6. 1,000 v. at 

amp. e.g., 5 K.V.A. Price £8 10s., carriage 
and packing 5s. Type 5F7. 1,500 v. at 1 amp. 
e.g., 1.5 K.V.A. Price £15, carriage and pack- 
ing 7s. 6d. Type SMI. 1,000-0-1,000 v. at 
15 amps. eg. 14 K.V.A. Price £12 
10s., carriage and packing 7s. 6d. Type 5M2. 
1,000-0-1,000 v. at 500 m.a. and 4 v. at 4 
a. Price £7 10s., carriage and packing 4s. 6d. 
250 m.a. and 4 v. 
at 4 a. Price 37s. 6d., carriage and packing 
3s. 6d. Power Filament Transformers. Type 
5M4. 4 v. at 4 a. 2-0-2 v. at 10 a. Price 18s. 


6d., carriage and packing 3s. 6d. Type SMS. 


3.15-0-3.15 at 10 a. 4-0-4 at 10 a. 4-0-4 at 
2 a. 4 at 4 a. 2.5-0-2.5 at 3 a. Price 27s. 6d. 


plus carriage and packing 3s. 6d. Type 5M6. 


\ Za. ¢ 2 v., 30 v. and 28 v. 

ie odie ae. plus 3s. 6d. carriage 
t with clamps. Type 5M7. 30 Henry at 
00 tig Type 5M8. 20 Henry at 500 
32s. 6d. Type 5M9. 15 Henry at 500 
27s. 6d. Type SM10. 10 Henry at 500 

‘a. 22s. 6d. Type SMIi1. 25 Henry at 250 


18s. 6d. T. M13. 200 Henry at 5 maa. 
158. EPE Ltd., Special Sales Dept., 31 
Grove Road, eats | sts 





SILICON SHEETS ail specifications for trans- 
formers, dy: Mw, etc. I 
from France. 


: diate delivery 
Box No. W 1328. 
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3 T.V.. AND RADIO—A.M.Brit. I.R.E., City CAPACITY AVAILABLE. Substantial Com- 
EDUCATIONAL & Guilds, R.T.E.B. Certificate, etc., on ‘*‘ No pany can offer the following capacity. Press— 
. Pass—No Fee ’’ terms. Over 95 per cent suc ingle and Double Action up to 120 tons. 
CITY & GUILDS (Electrical, etc.) on ‘‘ No cesses... Details of Examinations and Home Press Shop is supported by modern and 
Pass—No Fee’’ terms. Over 95 per cent _— age in all branches of Radio and efficient toolroom. Plating—Nickel, Chrome, 
successes. For full details of modern courses Write for 144-page handbook — Free Cadmium, Tin, Zinc, etc. Prompt service and 
= all branches of ——— ow send BLET. (Dept 337H), 29 Wright’s Lane, fee regular deliveries. Box No. 071. 
Or our —Free and post on, ’ TOROIDAL Coil Winding Capacity for fine 
= BIBT (ep. 33 337C), 29 ba rt UNIVERSITY OF EDINBURGH, ard wire winding on cores of O.D D's from 1} in. 
ne, London 8. Sir Edward Appleton. G.B.E, K.C.B., D.Sc., to 3% in. shortly becoming pil Pg Inquiries 
ELECTRONICS APPLIED TO INDUSTRY.  F-.R.S. Diploma in Electronics and Radio. The invited to Box No. W 1334. 
Learn the basic principles and applications with One year post-graduate diploma course in WAVE WINDING capacity available. Avis & 
our modern self-study course. Experimental Electronics and Radio will commence on Octo- Baggs Ltd., Gosbrook Road, Caversham, 
work included if required. Free Brochure from ber 11th. 1955, and-will provide specialized Reading. W 2990 
E.M.I. Institutes, Dept. EE.56, Londen, 'W.4. training for those wishing to proceed tO wWEBB’S SERVICE DEPT. for complete reno- 
(Associated with H.M.V.) 2673 ee this field, or } eres = vation of complex communication receivers of 
FREE; Brochure giving details of courses in aaa on Bh ays org ge concer I mg any make. Test report issued showing sensitivity 
Electrical Engincerin and Electronics, covering ing, mathematics or physics. The main lecture selectivity, signal/noise equal to, or better than, 
A-M.Brit-I.R.E., ity and Guilds, ete. courses are in network theory, principles of makers orlgunl Sgures, Word's Radie, 16 
Moderate fees. Write to E.M.I. Institutes, valve circuits, transmission ‘and radiation wie Senet, Landes, O-) naa 
Slive” London, W.4. ss sone theory, and particles in fields. Laboratory and 








field work will be arranged to support the lec- _ PROPERTIES 
METALWORK. Ali types cabinets, chassis ture courses. A limited number of grants may = ———— api cae a Lied 
eon =. ha saa = specifications, Phil- be made available for suitable Saaeen. 
eta orks Lt apman Furt rticul: nd application forms can : : ; 
Street, Loughborough. W 3776 a a eo he ioaee _* veg Uni- BY ORDER of Imperial Chemical Industries 


ROYAL TECHNICAL COLLEGE. Salford, versity, The University, South Bridge, Edin- Chamberlain & Willows will sell by Auction 
Principal: P. F. R. Venables, Ph.D., B.Sc.. burgh. Charles H. Stewart, Secretary. W 3105 at Regent House, St. Philip's Place, Colmore 
FRC. | Department of | Pure and Applied Row, Birmingham, 6, on Wednesday, 22nd 
ysics ion ost-advanced course S55 at 2. .m, é - 
on the Cathode-Ray Oscillograph Gin — SERVICE June 1955 at 2.30 p.m. The Important Free 
: : — hold Factory Paul Street Works, Wolverhamp- 
boration with the Manchester and District > i i i 
Advisory Council for Further Education.) A 4N¥ ELECTRONIC MS perfectly typed (or ton, forming an island block centrally situated 
course of lectures will be held on Friday, 20th ——_ A ee seer wel in the Town. Total Covered Floor Area About 
May and Saturday, 21st May at the Royal Pram, werner — . WwW 1304 128,000 sq. ft. With vacant possession on com- 








Technical College. Salford. Fee for the course heshire. : * 7 ” teh 

£1 ils. 6d. Lecturers: R. Feinberg, | Dr.-Ing, CAPACITY AVAILABLE for assembly and Pl¢tion also an adjacent Freehold Site with an 
M.Sc., A.M.I EE. , Ferranti Ltd., J. Darby. wiring of electronic and communications area of about 3,500 sq. ft. with Vacant Pos- 
shire, M.Sc., D.IC., ant E.E., equipment of all types, chassis, racks, cubicles, session. Particulars and conditions of Sale 


Ferranti Ltd., iE sth, Ph.D., A.R.I.C. etc. Expert cableform designers, work to i 2 i Fi 
Derby and Co. Ltd., K. C. Burn, B.Sc., A.i.D. or exhibition standard. Also capacity gat sm yy es oa” & bag 
Ferranti Ltd., E. A. Edis, B.Sc. (Hons.), for cableform production. Long or short runs. 23 oorgate, ondon, 2. (Tel. Aty 
A.M.LE.E. A. C. Cossor Ltd., M. S. Richards, All inquiries given highest confidence. Box No. 6013—8 lines). W 3110 
M.A. (Oxon.), A.M.IE.E. | Mullard Radio W 1326. 
Valve Ltd., J. Cook, Grad.I.E.E. Mullard PRESSINGS IN ALL METALS up to 60 tons. 
a. Valve is. A. . Eieheeds, mae. (Eng.), Press tools => eggemagy “Ee our - teal and a 
etropolitan-Vickers tails of Light assemblies — mestic, ectrical an 
the course and enrolment forms may be ob- mechanical. All finishes. A.I1.D. and A.R.B __ BUSINESS _OF OPPORTUNITIES 
tained from W. G. Darvell, M.Sc., F.Inst.P., approved. Advice and Estimates given free. PARTNER sought, experienced valve en- 
Head of the Department of Pure and Applied Inquiries to Metal Components Ltd., Dolphin  gineer to start service reconditioning worn 
Physics, Royal Technical College, Salford 5. Road. Shoreham-by-Sea, Sussex. Telephone. out C.R. tubes. J. Hersh, 84 Leeside 
W 3105 Shoreham 2224/5. Crescent, N.W.11. W 1336 











“dr : e/m r Yo sin (wtxx)+Voce 
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The computor will deal with this easily, 
but it won't solve your staff problems. 
Take a classified a 


advertisement in 


Electronic Engineering 
and solve your problems 





Write for ORDER FORM and rates to:— 


Electronic Engineering 


Advertisement Department 28, Essex Street, Strand, London, W.C.2. Tel: CENtral 6565 
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a e@ New resin alloy and new potting techniques mean no cracking due 
L 4 to local stresses, no loss of moisture seal and ability to stand up to 
large acceleration stresses. 


e 
wll 
e Can withstand temperatures in range —65°C to +120°C without 

damage. Thermal conductivity is good, electrical losses are low, and 

highinsulation resistanceismaintainedevenathigh temperatures. 
e This ‘wire-in’ pulse transformer is contained in a resin block less 
than 1” long and }’ in diameter. May be mounted by its leads on 
a tag panel. Simplifies inter-valve connections in pulse circuits, 
and is immediately adjacent to valves it couples. 

e Many types of potted transformers and other components are 

available. If you want them (in small or medium quantities) get 
in touch with us—preferably in the early stages of develop- 


Fr 
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ment when minor modifications can still be made. i 
) | y 
a 
& 
i 
§ 
a 
g 
? 





BEES 


4 murphy 


Lemme eee ee eee 


* 


MURPHY RADIO (ELECTRONICS DIVISION) WELWYN GARDEN CITY, HERTFORDSHIRE 
--18p 
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Type M.C. 44 (rack mounted, small) 





ABRIDGED SPECIFICATION (M.C. 31 AND M.C. 43) 


SPEED 0-6,000 r.p.m. in both directions, in five ranges. 
TORQUE 21 ounce inches over the whole range of speeds. 


REGULATION 


From no load to full torque—6 r.p.m. 


HIGH PRECISION SPEED CONTROLLERS 
Type M.C. 31 (illustrated) Type M.C. 43 (rack mounted) 


A LABORATORY TOOL OF THE HIGHEST PRECISION 


TACHOMETER The built-in tachometer covers 0-6,000 r.p.m. in five ranges. 
The type M.C. 44 covers 0-10,000 r.p.m. with a torque of 3 ounce inches. 


All these instruments are capable of maintaining. their speed to within 1 or 2 
° r.p.m. over a long period, with large variations in supply, voltage and frequency. 


for We most bili aamcanests ort 
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ion wnge of Slecttical Control Instruments 


RS) A.C. VOLTAGE STABILISERS  . 
2d) : | A.C.2. 10 amp. (for immediate delivery) 


a 


A.C.7. 30 amp. (now in production) 





ae, 


QE 





FOR THE MOST EXACTING WORK 


These Stabilisers both employ a continuous servo with velocity feedback. They are 

insensitive to change of frequency—load power factor—temperature—supply wave- a 
form. They are unaffected by vibration and bumping, and have excellent long-term 

stability. Other important features are :— 


1. Output continuously variable. 5. Very wide range of correction 
2. Zero distortion. (The A.C.7. covers minus 20% to 


3. Metered for current and voltage. plus 10%) 
4. Large power. Send for data sheet. 


4 can cepencow FAA WALA De 


SERVOMEX CONTROLS LIMITED CROWBOROUGH HILL * JARVIS BROOK + SUSSEX PHONE : CROWBOROUGH 1247 
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“‘We keep an 
ever-watchful 
eye on your 
interests"’ 






GO 


The Superfloctopus 





Safeguarding the supremacy of 
SUPERFLE XIT 


In the Superflexit laboratories, constant research and scientific 
tests pay their valuable contribution towards maintaining } the 
supreme standard of quality for which Superflexit flexible tubes 
are renowned. Here your special problems are studied and the 
answers provided in reliable, efficient 


PERFLEX 
FLEXIBLE TUBING 


For conveying all Hydro-carbon fuels and oils. Supplied complete 
with end-fittings and in bores and lengths to suit individual require- 
ments. Suitable for pressure or vacuum ; Ideal for Hydraulic feeds 
or for inter-coupling batteries of tanks where mis-alignment is 
involved. Superflexit Electrical Conduits, oil-proof and water- 
proof, are also available and are pre-eminent. 








Please address your problems or enquiries to Dept. E.E 


SUPERFLEXIT LIMITED 


TRADING ESTATE - SLOUGH ~-_ BUCKS. 


Telephone: SLOUGH 24561 (5 lines) 
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OUR Va ?? 
| QO 


Is it a service? — Yes, it is 
So there’s no end-product ? — Ah ! but there are thousands of end-products ! 
But how can that be if you give a service? — It’s quite simple... 


Ours is a PRODUCTION service. We are highly-skilled sub-contractors specialising 
i in precision wiring, assembly and testing (up to A.I.D. and G.P.O. standards) of ad- 
vanced electronic and automatic telephone equipment. Our regular weekly load is in 
excess of 500,000 soldered joints. Cable-form production covers dozens of different 
types, and our total output runs into many thousands. With a stable and trained 
labour force of 200 highly-skilled operators, we can handle most types of production 
jobs, from short prototype runs of complex assemblies, as used in electronic com- 
putors or for machine-control operations, to large quantity output of established 
designs. Let us show you what we can do. 













LOWER PICTURES 


show typical assembly 
and wiring operations 
in progress— one a 
ground/air transmitter 
for a European Air 
Force, and the other 
a sub-miniature com- 
munications receiver. 













CENTRE PICTURE 
shows part of one 
of the wiring bays:in 
our 8,000 squafe foot 
factory. Others sec- 
tions are devoted to 
activities such as cable- 
forming and compon- 
ent assembly. 





BROXLEA 
PRODUCTS 
LIMITED 


A.I.D.-approved sub-contractors 

















HIGH ROAD, BROXBOURNE, HERTFORDSHIRE 
PHONE : HODDESDON 3091/2 | 
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LONG LIFE | | 
¢ Molybdenum wound 


) SINTERING J for temperatures 
| FURNACES up to 1750 C. 












Weighted 
_——— — — - entry door 


Weighted 
discharge rn. 
Burn-off point 

at discharge Pre-heat 


chamber. with 


Water-jacketed burn-off point 


cooling chamber 





at entry 
Voltage wenn’ transformer i 
with ammeter and voltmeter d 
7 Heated section | 
with Molybdenum 
— wound element. ) 





Hydrogen inlet 
passes through 
insulation into 
the tube 


Royce Molybdenum wound tube furnaces are 
designed for sintering metals, including tungsten 
carbide, and for bright heat treatment of special 
steels. Long life of the heating element is obtained 
by a special method of winding. Operation is 
simple and maintenance easy. The furnace tube 1s 
fused alumina, wound with heavy section } 
Molybdenum for temperatures up to 1750° C. It can 
also be supplied Platinum wound for 1550° C, 
Kanthal wound for 1200° C, and Nickel Chromium 
wound for 1000° C. Tube sizes range from 1” to 5” 
inside diam. 





For full details write for publication R.F.5 

ROYCE ELECTRIC FURNACES LTD 

Sir Richards Bridge, Walton-on-Thames, Surrey 
Walton-on-Thames 2577 
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it’s not usually just a matter of fits. 
Guided weapons, servo-systems, transmitters and the 
like ask more of their motors than mere space economy. Maximum output with 
minimum weight and the widest range of speeds and torques, are absolute 
essentials. Typical of these small-size, high-power motors is the one shown 
actual size below with its performance details. Vactric produce eight 
types of permanent-magnet motor, some with 200 variations 


of characteristics to choose from. 


Output 5.68 x 107 hp. 
Torque €0 gram centimetres 
1.11 ource inches 
Speed 4000-6000 r.p.m. 
Voltage 24 volts D.C. 
Amps 0.5 max. amperes 
Watts 11.5 watts 
Rating continuous 








Telephone Sloane 9656 or write for brochure or technical assistance. 


Vaetric Limited’ 196 Sloane Street London SWI 
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About the 


analogue computor 


The electronic analogue computor makes patterns like this 





T RUNS THROUGH in a matter of hours a 
| Pee of solutions that would take a team 
of mathematicians weeks to work out. 

You knew that? But did you know that 
Shorts are now making a general purpose 
analogue computor which can be harnessed, 
singly or in banks, to solve a wide variety 

of engineering problems? This, the first 
British analogue computor in production, 
will deal with linear or non-linear systems. 
Apart from the solution of differential 
equations, the instrument may be applied to 
the design of servo systems and to analysis 
and synthesis in connection with the behaviour 
and design of dynamic electrical, mechanical 
and thermal dynamic systems. 

The Short Analogue Computor is 

described in a brochure which you will 
certainly find interesting and probably find 
profitable. A word to the address below and 
a copy will be sent to you. 


In one day at the console, an 

operator can set up problems 

and get answers that would take weeks 
of expensive study by normal means. 





Here’s the Short answer 


Short Brothers and Har'and Ltd., Computor Sales Department, 208a Regent Street, London, W.1. REGent 8716 
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These transmitters, designed in accordance with 
the most advanced practice, provide :— 


(a) Telegraphy on CW and FSK (AI and F1) 
(b) Independent Sideband Operation (A3b) 


The drive equipment is external and provides 
either ISB modulation or telegraph keying at 3.1 
Mc/s and suitable RF oscillator signals for fre- 
quency changing in the transmitter. HS 71 is 
manually operated ; HS 72 provides full automatic 
tuning and selection of any one of six pre-set 
frequencies. 











Marconi 6kW HF ISB Transmitters 


TYPES 
HS 71 AND HS 72 








The assembly is enclosed by unit 
sections, as shown here, with ac- 
cess through front and rear doors. 
The two left hand bays house the 
rectifier and power equipment and 
the right hand bays the low power é 
and auxiliary transmitting circuits 
and the main output stage. 








FEATURES INCLUDE 


Tuning over the whole range without change 
of components 


Air cooling throughout, with dust filtering. 


Double screening of power stages reduces in- 
direct radiation and cooling air noise. 


Envelope feed back to reduce distertion. 


Compact assembly with good access for 
servicing and safety interlocking. 


More than 80 countries now have Marconi equipped telegraph and communication 
services, many of which, completed 20 years ago, still give trouble-free operation. 





MAY 1955 


Lifeline of communication 


MARCONI 


COMPLETE COMMUNICATION SYSTEMS 


Surveyed, planned, installed, maintained 


Partners in progress with The ‘ENGLISH ELECTRIC’ Company Limited 


MARCONI’S WIRELESS TELEGRAPH CO. LTD., CHELMSFORD, ESSEX 


LCci2 
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from every 
point of view 








Frequentite is the most suitable insulating material for all high frequency 
applications. Seventeen years ago we introduced the first British-made 
low-loss ceramic, and consultation with us before finalising the design of 
new components is a wise precaution. 


STEATITE & PORCELAIN PRODUCTS LTD. 


Head Office: Stourport-on-Severn, Worcestershire. Telephone: Stourport I11. Telegrams: Steatain, Stourport 





a 


S.P.67 





ELECTRONIC ENGINEERING 24 MAY 1955 









rectifier? 


The answer, of course, is when it’s a UNISTOR 
... from that useful range of asymmetric 
resistors made by Standard. SenTerCel Unistors have 
a wide field of application in electronic circuits, par- 
ticularly those associated with digital computors and 
other equipments of a similar nature. 











































F ? : 
i Four current ratings are at present available.. 0°25 mA, 
; 1'5mA, 7mA and 10mA at various D.C. voltages 
between 20 and 100V. 
Here are some specimen data. 
D.C. Current Rating in Max. Maxi | Nasi : 
Uniator Ambient Temp. Contionaan tavects hestantaienenn Fevers Vet Sens. 
Code Sx°C. | TIC. D.C. Voltage D.C. Voltage | 
Kan mA Vclts Volts pF : 
Qi/1 025 | 025 20 56 20 | 
et eo oe | 20 56 65 
Q6l | 7 a 20 | 56 500 
j Q8/1 10 4 20 | 56 | 1,000 





SexferCe! UNISTORS 


(asymmetric resistors) 


Standard Telephones and Cables Limited 


| Registered Office: Cornaught House, Aldwych, W.C.2 


RECTIFIER DIVISION: Edinburgh Way . Harlow . Essex 
Telephone: Harlow 268111 





Telegrams: Sentercel, Harlow 
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VIBRATION 
PICK-UP 


SOUTHERN 


CAMBERLEY 


OSCILLOGRAPH 
EQUIPMENT 


THAT MEASURES 


VIBRATION 


MR 220 
PRE- 
AMPLIFIER 


° M 700 FM 
OSCILLATOR 


M 732 
AUTO-DEVELOPER 


INSTRUMENTS LTD 


SURREY 


Telephone: Camberley 2230 (3 lines) Telegraphic Address: Minrak, Camberley, England 
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FROM 60 TO IO’ C.P.S.! 
AND FROM -80°C TO 250°C 


*‘FLUON’ is used by The Telegraph Condenser Co. Ltd., London, to seal the ends of their tubular condensers, 
T.C.C. Patent Nos. 698607 and 698608—which will give completely reliable service even under hot, humid conditions. 


‘ 


‘="1r.0 Onr’* 
holds its outstanding electrical properties 
even under very humid conditions 


Power Factor 0.0001 

Dielectric Constant 2.0 

Dielectric Strength _1,500 to 1,800 volts/mil on .005 in. sheet 
Water Absorption NIL 

Non-Tracking 


**FLUON’ is the registered trade mark of the polytetrafluorethylene 
manufactured by I.C.I. 


Please ask for full technical data from: 
IMPERIAL CHEMICAL INDUSTRIES LTD., LONDON, S.W.1 


P.569 
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GRAPHIC RECORDER 
WITH GLIP-ON TRANSFORMER 


The combination shown provides 7 current ranges up to 600A. In additi-n the 













Recorder is provided with self-contained voltage ranges of 150, 300 and 
600V. The whole forms an easily transportable Universal A.C. Recorder which 


is accurate, responsive and robust. Send for details 


Record are proud to announce that their Graphic 
Recorder with Clip-on Transformer has been awarded the 
Silver Plaque for the best labour saving industrial 
exhibit at the recent A.S.E.E. Electrical 

Engineers’ Exhibition at Earls Court. 


snd R! iy Petinay Sa peRNNEACONE  Detgred, ca 


ST ad 
* et ee? 


ae 


R O THE RECORD ELECTRICAL CO LTD 


“CIRSCALE WORKS,” BROADHEATH, ALTRINCHAM, CHESHIRE. 


€ 4650 
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V2 focussing Nu 37 018 
v3 ~100 
Vg for cut-off V,j. 3/40 
lp 20 
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Base. Underview, 8128 





“¢ 4206/C/7: 1 kV mun. 


ELECTRONIC DEV ES 


OF INTEREST to all engineers, this new publication 














A 
‘#) 


forms an invaluable reference to current G.E.C. electronic 
products suitable for such industrial applications as 

control instruments, scientific measurement, counting, radio-active 
indication, photoelectric alarms and indicating devices and 
electronic relays and voltage stabilisation. The technical 
information which includes ratings, dimensions, base connection 
diagrams and screen characteristics, enables the potential 

user to choose the device most suitable 


The contents include: 
for a particular application. 


Barretters 
Cathode ray tubes 


(instrument and special types) 
Electrometer valves 
Geiger Muller tubes 
Photoelectric cells 
Photoelectric industrial aids 
Semi-conductors 

Voltage stabilisers 


























Write to 
OSRAM VALVE AND ELECTRONICS DEPT. FOR | OV 2507 








THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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ftrdl NOW -2 range of 
‘GERAMICAPS’ for your 


TEs STED ) 


Li\e} Storage Unit! 
















The LAB Continuous Storage Unit is widely acknowledged 
as the most efficient and convenient method of storing and selecting 
resistors. Now its usefulness is still further extended 
with the introduction of LAB pak’d ‘ Ceramicaps’. 
With the LAB Unit, research and experimental 
laboratories and small production groups 
have to hand immediately, a complete range 
of resistors and ‘Ceramicaps’, easily selected 
with card index simplicity from some 700 
sorted and carded components. Empty cards 
are merely replaced with full ones 
from stock. ; 
The LAB unit is supplied 
FREE with initial purchase 
to your specification. 
Standard assortments 
available. Each LAB Unit 
can be used to store one type 
of component exclusively, or 
quantities of the complete 
range of resistors and 
‘Ceramicaps’. Full details and 
illustrated list will be sent on 
application. 


rue [L/s\ 















































Cresteo) 
RESISTORS ie : 
Ref. Type Loading ae a | Range Dimensions co NTI N U oO Us 
+ watt + watt 250 | 10 ohms "x 4” 
| ti 
R + wate I watt 500 nen x} STO RAG t U N iT 
Tolerance available + 20%, 10%, 5% 
HIGH STABILITY RESISTORS 
Hs} 4 wact + watt 750 | | ohm ss 
| B.. «9 1.1° x 0.1 . 
ms 
Tolerance available +5%, 254.1% % Continuous Storage for 
WIREWOUND RESISTORS H £ i 5 
5 chasse SOE aheme —- 6-90 wen Resistors and ‘Ceramicaps 
“CERAMICAPS ° 
Tubulars 3- 470 pf Tolerances +2%, 10% | d ad 
$00 - 5000 pf Hai % Values separately carde 
The Lab Continuous Storage Units are available from your normal source 
of supply, but more detailed information can be obtained from * Finger-tip Selection 


THE RADIO RESISTOR COMPANY LTD 


50 ABBEY GARDENS - LONDON - N.W.8 - Telephone: Maida Vale 5522 
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THYRATRONS 


for Industrial Purposes 







XENON-FILLED TRIODES 
These valves are suitable for a wide variety of control appli- 






cations. The inert gas filling ensures stable operation over a 






wide range of ambient temperatures. 







HYDROGEN-FILLED PULSE 
MODULATOR TRIODES 
Designed to discharge pulse-forming networks 
in high power, high voltage pulse generators. 
Short deionization time and low time jitter 
provide for precise triggering at high repetition 

frequencies. 












Technical data sheets are available on request. 
























































| | 
Max. | Filament % bo cr ry oe & 
| Dimensions | or Heater | 4S | 28 4 e | ge £ 2 3 Po 5 
v op | Soa | SOa 85 g 5 FS BS § > 
a & ri ce Re wr 3 MS | ZL ue |. as eg 3 
| & Priag Rae : 7 “o 5 
= | lec! of » lea | d8e | gee | SE] ge] gel a8 | Ge) 
eg #2] 2 |FR/2E / 26 | 28/29) a8) 2] * | 8 
62 SS) > | de) & | £ 0 o4.% | 
A ee tp 
| | | | | | | | | 
AFX.212. Xe 54} I9 | 6.3 | 0.25 | 350 | 350 O.1I | 0.025 II — | 6D4 | 1949 
| } 
AFX.203 Xe 176 57 | 2.5 | 4.0 | 300 280 1.7 | 0.40 | II | — | CrA | 2868 
FX.215 He 256.) OF. | 25 as 16,000 16,000 | 200 | 0.20 | 100(b) 2.0x109} — 2203 
FX.219 | Ha | 2221 65 | 6.3 | 10.6 | 16,000 16,000 | 325 | 0.20 | 100(b) 3.2x 10® §5C22 | 2520 
FX.225 He | 175 | eR i Be | 8,000 | 8,000 | 90 | 0.10 100(b) | 2.0K 10? | 4C35 | 1787 
FX.227 | He 132 | 40 6.3 | 2.25 | 3,000 | 3,000 | 3§ | 0.045 | 100(b)} 0:3 x 10° | 3C45 372 
' | : | | 





Xe— Xenon He— Hydrogen 
(a) — Product of Peak forward Voltage, Peak Current and pulse repetition frequency. 
(b) — Under conditions of pulse operation. 


“ENGLISH ELECTRIC 


aac a weak re ae ™ Waterhouse Lane, Chelmsford 
ACUNIMEUTLMEVADMKMMNDMIN Telephone: Chelmsford 3401 


AP300/13 
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PLUG REF. 736022 
SOCKET REF. 736023 


ess 


This cable mounting elbow connector is the 
latest addition to our well-known range of 


plugs and sockets complying with R.C.S. 322. 





For full details please write. 





[) & A.R.B — APPROVED 












POWER CONTROLS ) 





im. =e) 
EXNING RD., NEWMARKET PHONE: NEW 3181/2/3 
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A HIGH Mu PENTODE 


with low hum, noise and microphony 





TYPICAL OPERATING CONDITIONS 





Anode Voltage (Va) ...... 250 250 250 250 
Screen Voltage (Vg2) ... ... 80 100 160 200 
Grid Bias(Vgi) ... ... ... 425 U7 2.75 3.5 
Anode Current(mA) ... ... 7.8 7.9 105 12.3 
Screen Current(mA) ... ... 2.45 2.5 3.3 3.85 


Mutual Conductance (mA/V) 7.0 7.0 7.45 7.6 


Anode AC Resistance (ra) 
(Megohms) 0.55 0.55 0.4 0.3 


Input Capacity (Hot) (uuF)... 20 19.9 19.7 -19.5 








RATING 
OT, WOON ees as See ee ee Vi 4.0 
Heater Current(Amps) ... ... ... «.. Ih 1.0 
Maximum Anode Voltage ... ... ... ... Va 250 
Maximum Screen Voltage ... ... ... ... Vg2 250 
Mutual Conductance (mA/V) ... ... ... 2m 7.7 


Taken at V,=250; Vg2= 100; Vg;=1.5 














—— 


BASE 
British 7 pin Pin No. 5 Heater 
Pin No. | Metallising Pin. No. 6 Cathode 
Pin No. 2 Anode Pin No. 7 Screen (g2) 


Pin No. 3 Suppressor Grid (g3) Top Cap Control Grid (g;) 
Pin No. 4 Heater 


THE EDISWAN MAZDA AC/SP3 RH 
is an indirectly heated Pentode with a special 
heater construction designed to reduce hum 
due to A.C. fields within-the valve. 








The AC/SP3 RH is available in two grades. The valves in 
both grades are characteristically identical, the grading 
‘A’ or ‘B’ relating only to relative levels of hum, noise 
and microphony. B Grade valves are suitable for the 
majority of applications, but for particular applications 
where the noise level is very important Grade A may be 
preferred. 


Under typical operating conditions with V,=250v, 
Ra=150 KQ, Rg=150 KQ, Rg2=500 KQ, Ry =! KQ, with the 
heater fed from a centre-tapped A.C. supply the equivalent 
hum voltage at the grid of an average grade A valve is 
approximately 5..V, whilst the combined noise (excluding 
hum generated by the valve and grid resistances, using a 
high quality A.F. amplifier) is not greater than 8..V. 


The following table compares the noise, hum and micro- 
phony from the two grades of valve. 


Provided precautions are taken to minimise 
hum due to external wiring, the AC/SP3 RH 
may be used in the early stages of amplifiers 
where the reduction of hum, noise and micro- 
phony is of primary importance. 


Full technical information on request. 


EDISWAN 


MAZDA 
VALVES & CATHODE RAY TUBES 
The Edison Swan Electric Co. Ltd. 














HUM NOISE 155 Charing Cross Road, London, W.C.2 
‘A’ x 5.6 down on ‘B’ ‘A’ x 2 down on ‘B’ and Branches 
‘A? sede on ‘B’ Member of the A.E.1. Group of Companies 
3 - Telephone: Gei ard 8660. Telegrams: Ediswan, Westcent, London 
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PELAPONE 





AUTOMATIC DIESEL GENERATING SETS 














ae 







































































FOR TELECOMMUNICATIONS SYSTEMS 


Recent developments in modern Telecommunications Systems have empha- 
sised the necessity for an unfailing and constant supply of Electric Power. 
Any failure of supply, even for a very short period, could have far-reaching 
and serious consequences to the users of the System. The selection of the 
most suitable diesel engines and control gear, therefore, becomes a matter 
of supreme importance. Pelapone engines over half a century have earned 
a reputation for unfailing reliability and are now being widely adopted for 
this purpose. Close liaison with the leading manufacturers of Telecommuni- 
cations Systems has resulted in the development of a range of Generating 
Sets and Control Gear suitable for all modern Systems. Recent contracts on 
which Pelapone equipments are being used include a Canadian Micro-Wave 
- System, an East African Radio Telephone Link, The Eire Trunk Carrier 
System, a Japanese Micro-Wave System; for a Malayan V.H.F. Communi- 


-- cations System and in conjunction with telecommunications in Nigeria and 


South Africa. 


PELAPONE ENGINES LIMITED 


Overseas Sales Division—I4 Berkeley Street, London, W.I. | Cables — “Pelapone - London”’ 
Tel: Mayfair 1674 
U.K. Marine Sales Division—6 Avonmore Road, London. Grams: ‘“‘Steelascos, Hammer, London’”’ 
Tel: Fulham 7732 
U.K. Head Sales Division and Works—Slack Lane, Derby. Grams: “Pelapone, Derby’’ 
Tel : Derby 45436 
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NORTHERN 
RADIO SHOW 






The full range of the 
World’s finest gramo- 
phone equipment will 
be exhibited on 


STAND 

















ariaia 


record playing units 


ARR GARRARD ENGINEERING AND MANUFACTURING CO. LTD. 
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The tremendous drive in industrial 
Britain to-day is aided and advanced by 
the use of Plastic Mouldings. Whatever your 
product, there is a vital need for precision 
moulded components. PRESTWARE 
components, moulded to micrometer 
accuracy, increase efficiency and re- 
duce costs. Daily, new uses are being 
discovered for nylon and polystyrene, and 
PRESTWARE technicians are ready to 
apply them to your particular problems. 
Consult our Technical Advisory Division, 


whose services are at your disposal. 


moulded by 


Approved Suppliers to H.M. Government 


'Prestware Lec. 


ase... 





PRECISION PLASTIC MOULDING 


SOUTHDOWN WORKS, KINGSTON ROAD, RAYNES PARK, S.W.20 Telephone: LIBerty 3421 


ELECTRONIC ENGINEERING 36 MAY 











1955 














tenes 









Photo by kind permission of the 
“Daily Mirror’? Newspapers Ltd. 
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reliable Springs by 


From the high precision spring re- 
quired for a printing press to its 


simpler counterpart in a fountain j 
pen, the right spring for the job is ' OAR 


essential to ensure perfect perform- 


Se ee ae Oe a ee ee ee es “ 


ance, When your springs are designed ; Service to Engineers since 1760 
and made by Salter, they are just L. J 
right— not the cheapest obtainable Wil Wille Wilt: Wills Cites “tlils lit, “lll ‘lll his 


but fit to work for ever. 


A tradition of quality in craftsmanship and materials is embodied in every Salter 
spring — you can depend on Salter for the right spring for the job. 
B.I.F., Castle Bromwich, May 2-13, Stand No. D343'238 


nn Geo. Salter & Co. Lid., West Bromwich 


M-W.387°* 
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STANDARD EQUIPMENT 





Built by Craftsmen....... Pye Precision Vernier Potentiometer 


ACCURACY WITHIN YOUR GRASP 


Designed for measurements of a very high order of accuracy, this 
VERNIER potentiometer is being used extensively for the accurate 
measurement of resistance, as a standard for calibrating potentio- 
meters, meters and other electrical measuring instruments, for 
measuring thermo-couple voltages and for many applications of a 
similar nature. Through every stage of its manufacture the most 
careful precautions are taken to eliminate possible sources of error. 

Please write for details of our range of precision potentiometers which 
also includes a SLIDE-WIRE type reading to 1 microvolt with an 
accuracy of .02% as well as a PORTABLE type which is completely 
self-contained, compact, robust and always ready for immediate use. 
Our new catalogue giving details of our comprehensive range of Galvanometers, 


Shunts, Standard Cells and other precision measuring instruments is available 
on request. May we please send you a copy? 


a 
SCIENTIFIC(» 
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IN MANY LEADING’ LABORATORIES 


INSTRUMENTS 


W. G. PYE & CO. LTD., GRANTA WORKS, CAMBRIDGE, ENGLAND 


WG.56 


MAY 
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you need 


Regulators similar to that illustrated above have been supplied 


AUT 0 M AT 1 to diverse industries in sizes ranging from 10 kVA to 400 kVA. 

T AGE In addition to which, many special types of regulators have 

v0 L been designed for building into customers’ own equipment. 

Our specialist engineers would be glad to discuss your problems 

and perhaps show you where the efficiency of your plant can 
be improved by ensuring a ** Steady Power Supply’. 


REGULATOR 


It payo to a0lve Voltage Probleme before they happen! 
FOSTER TRANSFORMERS LTD. SOUTH WIMBLEDON LONDON S.W.19 


A ‘LANCASHIRE DYNAMO HOLDINGS’ COMPANY oo 3¢ 
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for such uses as this-only the 
special qualities of moulded 


plastics fulfil SIEMENS’ 


exacting requirements .. . 


Fuse box with hinged 
cover moulded from 
phenolic material for 
Siemens Brothers & Co. 
Ltd. This is only one 
of the many plastic 
components made at 
our Walthamstow 
factory for Messrs. 
Siemens. 




















NATIONAL PLASTICS Sales organisation for 


(SALES) LTD. BRITISH MOULDED 
PLASTICS LTD. 


Avenue Works, Walthamstow Avenue, London, E.4. LARkswood 2323 
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HIGH INPUT IMPEDANCE 


coupled with rapid response 


THE / EVERSHED | 
QUICK RESPONSE RECORDER 











The Evershed Duplex Quick-Response Recorder 
Type QU/RD1I5 and Amplifier Type PA 10 M/A. 





The Evershed Quick Response Recorder is servo operated, and works in 
conjunction with an electronic amplifier. Recorder input is opposed by the 
feed back voltage from a resetting potentiometer controlled by position of 
the pen. The error (the voltage difference) drives the pen movement until 
the feed back voltage balances the input. Maximum sensitivity, with centre 
zero, plus/minus 4 volts full scale deflection. 

The instrument will record sine wave voltages up to 15 cycles per second 
with amplitude error not exceeding 15°, at a peak to peak amplitude of 
1} inches. At smaller amplitudes the frequency response will be higher. 


Full details are given in Publication E.E. PL. 33 


EVERSHED 


Telephone: Chiswick 3670 . Telegrams: .Megger, Chisk, London . Cables: Megger, se 
6/120 


EVERSHED AND VIGNOLES LIMITED 


ACTON LANE WORKS - CHISWICK - LONDON .« W.4 
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RELATS—~ 


HERMETICALLY 


SEALED 
SERIES 595 H 


This is a hermetically sealed version 
of our series 595 Relay, which is 
already well known to the aircraft 
industry. 





















The armature design reduces the 
effects of shock, vibration and accel- 
eration ; a spring type armature hinge 
eliminates backlash, friction and risk 
of displacement. 


SERIES 
595 H 





COIL: In all standard voltages 
up to 110 V. D.C. Work- 
ing range between plus 
10% and minus 20% of 
rating. 

CONTACT COMBINA- 
TIONS: up to 2 pole 
changeover. 

BASE: International octal. 

WEIGHT: 3 ozs. 

DIMENSIONS : 

Diameter—I 4” overall. 
Height — 23” overall. 














SERIES 595 


MAGNETIC DEVICES LTD 


NEWMARKET 
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There’s a 


big future in 














printed circuits 
and dip-soldering— 


consult LNTHOVEN 


who can provide 









everything necessary 


to ensure perfect results 


ENTHOVEN SOLDERS LIMITED 
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THIS INTERESTING QUARTERLY WILL BE 
MAILED FREE TO ANY PART OF THE 


WORLD 
aes 


ili iii eas For almost a century Muirhead & Co. Limited 
have manufactured precision electrical instru- 
ments, and to-day the range of products 
includes measuring instruments for educa- 
tion and industry, synchros and remote 
control systems, and facsimile transmitters 
and recorders. 























Cane ae ate ——_— —_— — > se a aoe THE USE OF MAGSLIPS IN CONJUNCTION WITH 
os diay its aes — ae ee YY WEIGHING MACHINES 
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Each issue of ‘‘Technique”’ tr 
contains details of the newest * ee 
Muirhead products and of 
scientific developments in 
which Muirhead instruments 
have played an important part. If you think 
this publication would interest you, we shall 
be pleased to place your name on our mailing 
list. Write under your business letterhead 
to the address given below. 

















PRECISION ELECTRICAL INSTRUMENTS 


133 


MUIRHEAD & CO. LIMITED - BECKENHAM - KENT - ENGLAND 
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wound on Ferroxcube cores 


D 





ESIGNERS of compact and efficient 





tuned circuits and wave filters are 











































Based on Ferroxcube, the world’s 
Full details of these and other high 


making ever-increasing use of Mullard 
high Q inductance coils. 

most advanced magnetic core material, 
these coils combine small size with an 
inductance of up to 30 henries over a 
wide frequency range. Furthermore, 
their convenient shape and self screen- 
ing properties facilitate either 
individual mounting or stacking. 
grade components now available from 
Mullard will be gladly supplied on 


request. 









TYPICAL Q VALUES 





Special Features 


Small size 


Controllable air gap facilitating 


Low hysteresis loss factor 
High value of inductance 
inductance adjustment 


Low self capacitance 








Controlled temperature coefficient 
Operation over a wide frequency 


range 
Easily mounted 


Self screening 


OO 


Mullard 


10 


Oo oOo -© 
o oOo 6 
Oo 7 = 


FREQ.Ke/s. 


+ CENTURY HOUSE 


ceramic magnets, 


permanent magnets, 


‘ Ticonal 
*‘ Magnadur 


, 


, 
Ferroxcube magnetic cores. 
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(MM450) 
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+ SHAFTESBURY AVENUE 


+ COMPONENT DIVISION 


MULLARD LIMITED 





45 


1955 


MAY 











-sorensen 
AC VOLTAGE REGULATOR | 





— a precision instrument of outstanding performance 





* Reliability 
* Exceptional accuracy 
* Not affected by frequency 
* Low distortion 
* Fast response time 
* No load to full load performance 
* Excellent finish and 
fine workmanship throughout 


Manufactured under licence by :— 


J. LANGHAM THOMPSON LTD. 





BUSHEY HEATH - HERTS. 
Telephone : BUShey Heath 2411 - Grams and Cables : ““ Tommy Watford” 
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L.T.-1000-2S 
Specification 
RATING 1 KVA 


INPUT VOLTAGE 190-260 
INPUT FREQUENCY 
50 c/s+10% 
OUTPUT VOLTAGE 
220-240 (adjustable) 
REGULATION ACCURACY 
+0.1% nom. 
RECOVERY TIME 0.1 secs. 
HARMONIC DISTORTION 
3% nom. 
P.F. RANGE Unity to 0.7 


LOAD RANGE 
No load to full load 


LT /— 


GROUP 
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Oscilloscope WM.5 
Console mounted 


WWD 
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OSCILLOSCOPE Type WN.5 





A new multi-purpose precisi ring oscill Pp 
NEW FEATURES: (a) The console model accommodates up to 
6 plug-in sub units. This allows the basic oscilloscope to 
be adapted for a wide range of requirements; i.e. additional 
gain at high and low bandwidth, signal delay, comparison 
signals, T.V. picture and line selection, high voltage inputs, 
monitoring high impedance sources, etc. 

(b) Continuously variable EHT1—10KV. 

(c) 25 Mc/s bandwidth ‘Y’ Amplifiers. 

(d) D.C. or A.O: coupled ‘X’ and ‘Y’ 

Amplifiers. 
(e) Linear pre-sweep. A visual delaying 
sweep. 
Time Range—10 milli-micro- 
seconds to 0.1 sec. 
Voltage Range—10 mV to 500 V. 
AC/DC. 

Photo Sweep—Single sweep for photo recording of transients, 
subsequent few sweeps before blackout of the tube give 
reference trace which can be pre-set to any D.C. voltage 
between 0 & + SO0V. 


metering system. No calibration 


pmstering eat by instantaneous 
markers required. 


DISTRIBUTED AMPLIFIER Type 2B 
A high level wide band amplifier for use with high speed 
oscilloscopes, signal generators, etc. 
Voltage Output—150 Vpp. 
Bandwidth—100 Mc/s. Gain—x12. 
Input Impedance—75 ohms, Output Impedance—200 ohms. 





OSCILLOSCOPE Type WM.3B 


A compact, general-purpose portable oscilloscope with facilities 
for making rapid precision measurements of time and voltage. 
EHT—0.8—1.2KV. Bandwidth—D.C.—4.5 Mc/s. 

Volts Range—10mV-500V. AC/DC. ‘| Measurements by instantaneous 

A A >metering system. No calibration 
Time Range—0.5 micro-seconds. | markers required. 

— 40 milli-seconds. 
Maz, writing speed—0.5 micro-second/cm. 


OSCILLOSCOPE Type WM.1 


miniature measuring oscilio- 





An i P jive g 1-purp 
scope. 
EHT—800V. Bandwidth—1 Mc/s.—3 Me/s. 
Measurements by instantan 
Volts Range +0.5-500 volts. AC/DC. \ metering ‘system, No calibration 
J markers required. 


Sweep Range—2Z00 milli-seconds-10 micro-seconds 
(uncalibrated). 


Sensitivity—1 cm/Volt. 
Maz. sweep speed—2 micro-seconds/cm. 


The above instruments and other E.M.I. electronic equipment can be seen at the Exhibition of 
Scientific Instruments and Apparatus, Stand 88, New Horticultural Hall, Westminster, 25-28th 


April, 1955. 


Head Office: HAYES, MIDDLESEX, ENGLAND. 








ELECTRONICS LTD 





Telephone: SOUTHALL 2468 Extensions 655 & 857 
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TYPE W9? 
MIDGET 
MOLDSEAL 






Look to HUNTS! 


For maximum reliability. Hunts capacitors for radio 
and electronic equipment include many types designed 
to meet the need of designers for decreased dimensions. 





Type W99 listed above is just one example taken from 
Hunts unparalleled range of capacitors for every 
purpose. 

Years of specialisation in nothing but capacitor de- 
sign and manufacture has enabled us to achieve 
and maintain that long-lasting reliability, and out- 
standing performance which 
characterises every Hunt 
product. 











REGISTERED TRADE MARK 


NBS 





TYPE W97 
MIDGET 

THERMETIC 
—100°C to 







+ 120°C 





Please write for leaflet 
giving full details of types 
for all applications. 






CAPACITORS 
THE TRADE MARK OF RELIABILITY 
Established 190! 





A. H. HUNT (Capacitors) LTD., WANDSWORTH, LONDON, S.W.18 BATtersea 1083-7 
and in Canada HUNT CAPACITORS (Canada) LIMITED, AJAX, ONTARIO 
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—for Smaller Production 
Quantities 

























SHEET AREA UP TO 28’ x 40° 


\"WIEDEMANN 


Type RA-41P 
TURRET PUNCH PRESSES 


give lower production costs 
—than by any other method 


The RA-41P combines the versatility, accuracy and 
high speed of the pantograph for rapid hole location, with 
the time saving features of the WIEDEMANN Turret 
Punch Press for quick punch and die selection. Up to 
20 low cost punches can be set up in the turret ready for 





OUTPUT—I0 PER HOUR 


instant use. 
Maximum sheet size ... a oe ae 28 in. x 40 in. ALL OPENINGS PIERCED 
Throat depth ... ie “as “ee des ses oass cee ats IN TIMES SHOWN 
Capacity ave mee ase na os ies 15 tons ; 

; wink Peres The WIEDEMANN range includes small 
Punching Capacity... a diameter ” 074 7 vines _ hand-operated models up to large f 

a” os Se cee ae operated machines of 80 tons capacity, capable 

Strokes per minute... eevee eee ee ISO piercing 6” holes in 3" plate. 


Write to Sales Department for detailed Catalogue 


DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 


Telephone WESTERN 8077 (8 lines) Telegrams: ACCURATOOL HAMMER LONDON 
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Aluminium Alloy 
3133 Sand Casting 
Weight 435 Ib. 











C and L Hill Ltd would welcome your enquiries for Non-Ferrous Sand Castings, Brass, Naval Brass, 
Brazing Metal, Gunmetal, Phosphor Bronze, Aluminium Bronze, High Tensile Manganese Bronze, 
High Conductivity Copper, “ Hilchil ” Chill Cast Phosphor Bronze Bars, Cored and Solid. Sand 
Castings in all Aluminium Alloys. Aluminium Gravity Die Castings. 


Hill facilities include 


Wood and Metal Pattern Shop. Fully Approved Laboratory and Test House with Inspection 
Organisation. Facilities for Radiology. Specialists in Development and Quantity Production of 
Castings for Radar. 


Design your Castings for SHELL MOULDING and save Machine Shop costs. 


se C&L HILL LD 


MEMBER OF THE OWEN ORGANISATION Stringes Lane, Willenhall, S. Staffs. 


(Owen pupport the BRM: through the ORMA. Tel: Willenhall 227 (4 lines) Grams: Hill 227 Willenhall 
1. 0. per annum. Associate Members 5/-. 





A Badge (full members only) £1. 10. 0. extra. Bra f ] 

Fol Sat fiom "THE SECRETARY, ORME mch Works : Wednesfield Road, Willenhall. 

K J , J *) 

CIRCUS, LONDON W.1. Tele.: Museum 8901-6 Both our Foundries are available for Prototype Work. 
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* In the Cossor Double Beam 
Oscillographs Models 1035 and 


1049, the two traces are presented 





The Cossor Double Beam Oscillograph Model 1035 
in use in the Research laboratories of Saunders-Roe Ltd., 
the famous flying boat manufacturers. 


on a flat screen of 90 mm. dia., and 
the amplifiers are so calibrated 
, , ; th he voltage 
In displaying the mutual effect of two related and variable > enn: of Oe : 8 
quantities simultaneously the Cossor Double Beam input as well as the time interval 
Oscillograph is solving many of the fundamental problems between various significant por- 
with which the Research and Development scientist is 
constantly beset. In the Production field, too, there are 
innumerable problems capable of complete solution by 
this versatile instrument and every branch of industry is subsequent analysis may conveni- 
d realising the enormous potential of this apparatus in the ently be made by attachment of 
detection and analysis of faults and the accurate monitorin 

: S Cossor Camera Model 1428, for 


of manufacturing processes. 
The technical advisory staff of the Instrument Division is which there is also a nine-speed 


always at your service to help with your particular problem. Drive Unit Model 1431. 


tions of the oscillogram is made 
possible. Permanent records for 





The Technical Advisory Staff of the Cossor Instrument Division is always at your service. 


(; () \ * () R ELECTRONIC INSTRUMENTS 


Please address enquiries to sie 
COSSOR INSTRUMENTS LIMITED (Dept. 14) HIGHBURY GROVE LONDON ° N.5 
Telephone : CANonbury 1234 (33 lines Telegrams : Cossor Norphone, London Cables : Cossor, London 
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6’ 0” Enclosed 
Standard 
Cabinets 


These superior enclosed Cabinets are 
available at an economical price, yet still 
maintain to perfection, the excellent 
standard of material, craftsmanship and 
finish that has become a feature of 

the H. & H. range. These Cabinets may be 
used singly or, as shown below, in Unit 
Formation—in which case the protruding 
side panels are removed and the units 


bolted together. 


A Catalogue of H. & H. Cabinets, Racks and Cases, giving 
details of thé full range, is available upon request. 


Hossetts Harper lid 





REGENT PLACE, BIRMINGHAM, 


Telephone: CENtral 6418 (4 lines) 
LONDON: 140 PARK LANE, 
Telephone: MAY fair 9651 (3 lines) 





CONTRACTORS TO GOVERNMENT DEPARTMENTS 
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ADVANCE COMPONENTS LTD., Marlowe Road, Walthamstow, E.17. Telephone : LARkswood 4366/7/8 


0 to $00..: 


DIRECTLY 
CALIBRATED 











The Advance D1 Signal Generator has 
long been recognised as supreme in 


its sphere for accuracy, ease of operation 





and reliability. Now comes the D1/D 
—an up-to-the-minute successor— 
possessing all those proven qualities, 
but plus the advantage of being 
DIRECTLY CALIBRATED. Whilst the 
range of the D1/D (10 to 300 Mc/s) is f 
only slightly less than the original D1, 
its characteristics, given below, prove 
the ‘‘ D”’ series to be the finest V.H.F. 


instruments available in their price 


class. 


@ Frequency range 1o to 300 Mc/s 


@ Directly calibrated with an accuracy 





of plus/minus 1 per cent @ Sine wave 

modulation 30 per cent at 1000 c/s 

@ Square wave modulation approx. 

50/50 at 1000 c/s @ Max. attenuation if 
error at 300 Mc/s plus/minus 4 db 

@ Negligible stray field @ Light M O D a 7 ) | / D 


weight, only 34 lb. 


Full Technical Details NETT PRICE 
available in Folder M26 | IN U.K, £97 


ADVANCE COMPONENTS LTD., Marlowe Road, Walthamstow, E.17. Telephone : LARkswood 4366/7/8 
GD 
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Craftsmanship 










For 50 years we have enjoyed a high 
reputation for our standard of per- 
formance, reliability and finish in 
the communication field. We have 
now, in addition, brought this skill, 
experience and craftsmanship to 

the development and manufacture 
of a wide range of electronic and 


nucleonic instruments. 


As originators of the Dekatron 
and other reliable cold cathode tubes 
and a variety of new electromechan- 
ical devices we feel that we are 





making a positive contribution 
to the Instrument field. 


Consult us for all counting, scaling, 
timing and similar problems and com- 
ponents. 


TELEPHONES LTD 


22 Lincoln’s Inn Fields, London, W.C.2. Tel.: Holborn 6936 Works: Beeston, Notts. 


s 
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MAKE A WORLD OF DIFFERENCE 


The KINNEY Gas Ballast Pump has, time and again, demonstrated its decided 
advantages over other types of Industrial Vacuum Pumps. Not only does it pump 
condensable vapours without contamination of the sealing oil, but in pumping it 
uses only one third of the quantity of sealing oil in a normal rotary pump. 

Gas Ballasting, detail changes and improved manufacturing technique combine 
to make the KINNEY Rotating Plunger High Vacuum Pump an even more indis- 
pensable piece of equipment for plants aiming at quicker, better and more profitable 
production. The wide field of application for the KINNEY Pumps is catered for 
by a range of sizes with capacities from 13 to 780 cubic feet per minute. 


Write for details 


KINNEY VACUUM PUMPS — QUICKER, BETTER, MORE PROFITABLE PRODUCTION 


Deel Avon 


(RADCLIFFE) LTD. 


GENERAL ENGINEERING CO. poeiokene LTD. Station Works, Bury Road, Radcliffe, Lancs. 


Telephone: Radcliffe 2291 (3 lines). Telegrams: ‘‘ General” Radcliffe. 
London Office: 3rd Floor, 9, Victoria Street, London, S.W.1. Tel.: Abbey 5278. 
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Transformer problems we have solved 


are YOUR Safeguard 


: WPA a 
thheis ge 





The Electronics Division of Gresham Transformers Ltd. 

offers a choice of transformers and chokes which are 

not only made to the highest standards of quality, but 
have been independently tested and awarded — 


CERTIFICATES OF APPROVAL FOR JOINT SERVICE USE 
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FerrantBalves for Radio and Television 


td 
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FERRANTI 


The Electronics Dept., of Ferranti Ltd. 
manufacture a wide range of Valves and 
Cathode Ray Tubes for Radio and Television 
receivers. Valves for domestic use include B7G 
and BgA miniatures, Octal and Loctal based 
types. Television Cathode Ray Tubes are pro- 
duced in all the popular sizes, up to 21” 
rectangular. Enquiries to Electronics Dept., 
Moston, Manchester, 10. 


FERRANTI LTD - FIELDS NEW ROAD - CHADDERTON - OLDHAM 
London Office: KERN HOUSE, 36 KINGSWAY, W.C 2 
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Ceramic Insulaticn only— 


TYPE B (Precision 3 
watts) Tappings 
and approved for 


as required. 
Tropical conditions 






Complete Ceramic Rings for 
strength. Also a large range 
of precision Toroidal-wound 
Potentiometers and Helical 


Potentiometers, 3 and 10 turn 










500-100,000 ohms 


on higher resistance 


yy 


values, Vi ae 270° -355° 


gue? If not, write for 
Ee 


P. X. FOX LIMITED, Hawksworth Road, Horsforth, Yorks. 
Tel: 


Horsforth 2831/2 





Grams: Toroidal Leeds 
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Have you a copy of this catalogue 
list No. 






Linear accuracy 0.1% | 


| 
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For industrial electrical testing 





The ‘ENGLISH ELEcTRIC’ electronic insulation tester provides for the first time 
10 kV D.C. in a truly portable equipment having the following outstanding features : 
@ Non-lethal output adjustable from 500 to 10,000 volts. 

@ Measurement up to 250,000 megohms. 
@ High accuracy on comparative tests. 
@ Rejection of surface leakage current. 


‘@ Aural indication of ionisation. 


Price: £60. Size: 15” x 10” x 6”. Weight: 23 Ibs. 


ENGLISH ELECTRIC 


electronic insulation tester 











THE ENGLISH ELECTRIC Company LIMITED, QUEENS HousF. KINGSWAY, LONDON, W.C.2 
Industrial Electronics Department ‘‘Q”’, Stafford 


WORKS: STAFFORD > PRESTCN > RUGBY: BRADFORD :- LIVERPOOL: ACCRINGTON 
EIN. 1 
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EMITAPE 88 


The Recording Tape 
preferred by the Experts 


Emitape is chosen by the research scientist and the 
development engineer in industrial fields—by specialists 
and teachers in medical and scholastic professions and music 
teachers — in fact wherever true-to-life sound recording is 
critically important. They are in excellent company — for 
Emitape is also used by ‘ His Master’s Voice ', Columbia and 
Parlophone and the world’s leading broadcasting organisations. 


Special Features 


@ HIGH SENSITIVITY 

@ ANTI-STATIC @ P.V.C. BASE 

@ HIGH TENSILE STRENGTH 

e@ FREEDOM FROM CURL 

@ EDITING LEADER AND TRAILER STRIPS 


——-~ TAPE ACCESSORIES 


| 
| 
| 
| Non-Magnetic Scissors | P.V.C. Tape Jointing Com- 
AP.39 Price 16s. | pound AP.77 Price 4s. 6d. F 


<= we 


Gummed Jointing Tape 
Magnetic Tape Jointing AP.37 Price 6s. 6d. 


| Block AP.46 Price 8s. White P.V.C. Editing Tape 
| 150 ft. Roll AP.38 Price 4s. 6d. 


Full particulars of Emitape and 
accessories obtainable from your local dealer. 





Manufactured and distributed by: 

E.M.1. SALES & SERVICE LTD. 
RECORDING EQUIPMENT DIVISION 
HAYES, MIDDLESEX. Telephone: SOUthall 2468 
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HAYES, MIDDLESEX, ENGLAND 


3” Plastic 
Spool 





( 600 ft. 8/6 
“am 5” Plastic 
Spool 





1200 ft. 88/12 
7” Plastic 


Export enquiries for products mentioned in this advert- 
isement should be addressed to: | 
| 





E.M.!. INTERNATIONAL LTD. 


E-S.78 | 
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Though our heads are sometimes 


in the clouds, we're mostly down to 
earth at BICC, making a wide range 
of products for the growing needs of 
telecommunications. 

There are telephone and radio 


=~ products for 
winding wires for all types of cols. \ he N SS 
Telecommunications 


Further information and 
publications on these products may 
be obtained from our Head Office, or 
from any of our Branches or Agents 
throughout the World. 


BRITISH INSULATED CALLENDER’S CABLES LTD. 
21 BLOOMSBURY STREET, LONDON, W.C.! 
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Insulation made from I.C.L. 
Silicone Resins will withstand 
continuous operation at 180°C— 
making possible smaller, lighter 
equipment with greater electric 
and magnetic loadings for a 
given size. 


I.C.1. Silicone Resins are 
ideal for high-duty insulating 
varnishes, for bonding glass- and 
asbestos-served wire, for coating 
glass cloth, and for coil impreg- 
nation. 


I.C.1. Silicone Resins R.210, 
R.230, R.250, R.251, R.260 and 
SR.17 (a development product) 
are designed to meet differing 
requirements. . 


They are all 
Resistant to moisture 
Chemically inert 
Excellent dielectrics 

















smaller, /ighter Electric Motors..... 





Silicone Resins 
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1.C.1. Silicone Resins, Rubbers and Fluids for the Electrical Industry 


Enquiries should be addressed to 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON, S.W.1 


ELECTRONIC ENGINEERING 


N.22 


MAY 1955 




















an great projects have one 
“comm v ingredient — a bright 
Make an‘idea, add the develop- 
merit skill of the trained. enginecr, 
© shrewd design and economical 
quantity production and you have 
“anvend product that can fill: a 
ic need or capture a.market 
Hi That, in short, is the unique servi 
4 that Plessey can offer A top 
i" management in industry or 


field of electronics and tele ae 
‘ munications. if your next project. 4 
is already in embryo form ; and awaits 
nly the impetus: ‘of well’ informed 


“capacity—why hel talk it 
over with Plessey? 





The complex. system of radio communications 
used by all civil aircraft landing of taking. off na! 
. from Britain’s main air terminals, known as the 
HA “Areo Coverage Scheme", relies on radio and. line 
HH ere Plessey. ital 
ad 
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Consistency of Performance 
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Panclimatic High 


C 4 o, Stability Carbon Resistor 
4 e441) Ga IA 


Distribution of more than 100 Resistors 





Insulated High 
Stability Carbon Resistor 


Study a moment this histogram. It is 

conclusive proof of the very high standards that prevail 
at Welwyn Electrical Laboratories. In graphic form 

it depicts the results of a test that our High Stability 
Carbon Resistors regularly undergo. Taken from the 
production line a representative selection of more than onc 
hundred resistors type C23/220K +1% were tested 

to find out how their resistance values were distributed 
inside the tolerance of —1% to + 1% of the nominal. 
The results are worthy of notice for they show that the 
resistance values were well within only half the 

marked tolerance. In time all cracked carbon resistors 
tend to drift towards an increased value, but, as you 
can see, the bulk of the distribution here 


' ‘a eve oy 
— Nw &4Oweeoe G28 G 
' “Was toes (Ean ee hg eer 


is grouped below the nominal and this ensures 


that over their long life Welwyn Resistors remain 


accurate and within tolerance. 
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220K 
NOM. 
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WELWYN PRODUCTS INCLUDE: AMD ESA ER BN SAEs BNA NR ees -24 cou 


* 
4 MANUFACTURERS OF 


Vitreous Enamelled Wire Wound Resistors ; i 
Welmeg Ultra High Value Resistors " 
Insulated High Stability Carbon Resistors p i E LWY N 
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Toroidally Wound Power Potentiometers ELEQ. TRICAL 


nee ee ee od 


Wire Wound and Carbon Composition ‘ COMPONENTS 
Potentiometers F oo P SOPRA B REA S RWAAi oe RARE 
WELWYN ELECTRICAL LABORATORIES LTD : BEDLINGTON » NORTHUMBERLAND 
On Admiralty, Ministry of Supply (A.1.D. Approved) and Post Office Lists 
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Made in 


Gt. Britain by: ee GENERAL E 
oN A a on da Station Works, Bury Road, 
London Office: 3rd. Floor, 9, 


LIMItTEODO 


Export Managers: Stamm & 
Telephone: Temple Bar 5383 
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Perfect Layering 
Controlled Tension 
Simple Operation 


_—- of these efficient multi- 
winding machines are in con- 
stant use in our St. Helen’s Auck- 
land factory, turning out coils of 
high precision finish. 

These machines are available to 
concerns who wish to wind their 
own coils, They give perf 
layering and controlled tens ons 
There are no gears to change and 
adjustments are simple. ‘Accelera- 
tion from inching to full speed is 
extremely smooth and can be as 
easily reversed. 

There is a Westool Coil Winder 
for €very purpose—-telf us your 
problem and we 


= ne: Re 2991 (3 lines) 
Victo NO : fone: ABBey 5278 


59 St. Martin's Lane, London W:C.2 


Cables: Stamstam, London 
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A subject for reflection 


A cold-setting adhesive 

giving a permanent, 

truly structural bond 

between dissimilar, non- 

porous materials has 
uses in almost every industry. Reflect, if you will, 
upon the problems of joining glass to steel to 
provide joints that are durable even under 
tropical conditions, that are resistant to chemical 
attack and in tests to destruction show the bonds 
to be unimpaired. 


THESE ARE THE NEW EPOXIES! 


Our photograph is of Ross-Ensign range-finder 
mirrorsin which glassis bonded tothe steel brackets 
with ‘Araldite’ Type 101. The Production Research 
department of this well-known British camera 
manufacturer reports “‘Araldite’ is used because 
of its adhesive properties, tenacity and lack of 
deterioration with age.” 

Today, ‘Araldite’ epoxy resins are speeding output 
and solving problems of design in many industries. 
For strength, durability and range of applications 
they are unrivalled. May we send you full details? 


‘Araldite’ (regd.) epoxy resins are obtainable in the following forms :— 

@ Hot and cold-setting adhesives for metals and most other materials in common use 

@ Casting and laminating resins for the electrical, mechanical and chemical engineering industries 
@ Surface coating resins for the paint industry and for the protection of metal surfaces 


‘Araldite’ 


AGE RAY MC CLAYROD) 
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Aluminised Precision 


Cathode 
Ray lubes 


SERIES S6A, (Aluminised) 


This is a 6” diameter Cathode Ray Tube designed for 
the recording of high speed phenomena. It incorpor- 
ates an aluminised screen, together with 3 stages of 
post deflection acceleration. 





The light output of the aluminised screen, combined 
with the increased deflection sensitivity afforded by 
post deflection acceleration, permit photography of 
writing speeds in excess of 35,000 kilometres per second. 


The accurate alignment of the electron gun assembly 
gives freedom from spot aberrations and a 
minimum of trapezium distortion whilst low 
capacity and inductance connections to the 
deflector system reduce signal distortions to a 
minimum. 





Overall length (mms) 


“Sensitivity... 
mm/v x VA, ... 


Plate capacities 


HIGHER WRITING SPEEDS < Aa re 


Heater volts ... 


The illustration below is of a 500 mega- A Heater amps ... 
cycle sine wave, 2 cms. peak to peak Ps 
with a sweep speed of 250 cms/microsec. ou 
It was photographically recorded from ee VA; max. KV 
a standard 20th Centruy P.D.A. tube in Ges *, ' 

this series. 








VA, max. KV 








VA, (average) 





VA, max. KV 





Vg for cut off (average) 
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Cut the stress 


and strain 


from spring 


calculation 


WITH A ‘RATCLIFFE’ 
SPRING CALCULATING 
SLIDE RULE 


% Scales allow all calculations involved in the 
design of helical tension and compression springs 
to be made at one setting ! 


w% Upper slide for stress and load calculations ! 
% Wahl’s stress correction calculated quickly! 


% The'rule is essential to engineers and draughts- 
men, is soundly constructed and supplied in a 
strong case complete with instructions 


Ww Price £3. 3. 0.. Send for one today 


LS Kateliffe 
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Commentary 


STRONOMY in Great Britain was probably at its 

zenith towards the end of the last century and its posi- 
tion was due in no small part to the early pioneering work 
done by the Earl of Rosse and Sir William Herschel in 
the construction of high power telescopes. 

However, as the light gathering properties of the tele- 
scopes increased it became apparent that climatic condi- 
tions in this country were setting a limit to further pro- 
gress and, as a result, the American continent, where the 
climate is more favourable, has been the principal centre 
for astronomy during the twentieth century. 


Now, due to the enormous progress made during the 
Second World War in radar and radio techniques, an 
enormously powerful new tool known as radio astronomy 
is being placed in the hands of astronomers for the ex- 
ploration of the space surrounding our planet, and one 
which, at the same time, bids fair to place this country 
in the position where it can pursue its studies of the uni- 
verse without the handicap of fog and cloud. 


Radio astronomy is of comparatively recent origin, for 
it was only in 1931 that an American engineer, Jansky, 
made the surprising discovery that radio waves were 
being generated in outer space and were capable of being 
received on earth. This discovery was published at the 
time but it created little interest among astronomers, 
although Grote Reber working in his garden at Illinois 
with apparatus of his own design was able to confirm 
Jansky’s work. 

Reber constructed what was, in fact, the first radio 
telescope and, pointing it to different parts in the sky, 
he was able to show that the radio signals were strongest 
from directions near the centre of the Milky Way, the 
strength of the signals being roughly proportional to the 
concentration of stars in the directions to which the tele- 
scope was pointing. 

The war years brought work to a halt and no further 
progress was made until 1948 when the centre of interest 
had shifted to Sydney and Cambridge. By using many of 
the radar and radio techniques developed during the war 
it was discovered that at least some of the radio waves 
arriving from outer space were coming from discrete or 
localized sources which were called radio stars. 

From 1948 onwards progress has been rapid, due prin- 
cipally to the great work carried out by A. C. B. Lovell, 
Professor of Radio Astronomy at the University of Man- 
chester, on the radio telescope at Jodrell Bank in Cheshire. 
Much outstanding research was done with this telescope 
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which, with its aperture of 220ft is still the largest in 
existence. 

It had, however, certain limitations. It was fixed to the 
earth and only a small part of space could be explored. 
Experience with the instrument soon demonstrated that a 
completely steerable radio telescope of this order of size 
was essential for further exploration by this radio method. 

At a recent lecture to the Royal Society of Arts 
Professor Lovell outlined some of the engineering diffi- 
culties associated with the construction of this giant tele- 
scope. With financial backing to the extent of approxi- 
mately £500,000 provided by the Department of Scientific 
and Industrial Research and the Nuffield Foundation, the 
world’s largest steerable radio telescope is now taking 
shape at the Jodrell Bank Experimental Station of the 
University of Manchester. It will have a parabaloidal 
reflector of 250ft aperture weighing some 500 tons and 
will be supported on towers rising 180ft from the ground. 

The beam width of the telescope will be about 1° when 
used on a wavelength of one metre and its power gain 
will be over sixteen thousand, while on a wavelength of 
21cm its beamwidth will be reduced to a few minutes of 
arc only. 

This great discrimination and power gain will be used 
to elucidate the nature of the radio sources and to plot 
detailed maps of the sky, particularly in those regions 
which are obscured by interstellar dust. 

During the last few years a great deal of attention 
has been given to a particular type of radio emission from 
space which is generated in the neutral hydrogen gas in 
the Milky Way on a wavelength of 2lcm and great 
attention, therefore, will be attached to 21cm emissions 
when the telescope is in operation. 

At the moment it seems likely that the importance of 
the problems associated with radio emissions from space 
will occupy nearly the whole time of the telescope for 
the first few years, but it is intended that it should be 
used to cover all aspects of radio astronomy, including 
those in which radio waves are first transmitted from the 
earth. 

It is hoped that preliminary tests on the telescope in 
a fixed position will be made in the autumn of this year 
and that it will be in full operation by 1956. 

At the present moment Britain has a lead of some four 
years in this new and fascinating subject of radio astronomy 
and, when the telescope is completed, studies of the uni- 
verse and nearby space can once more be pursued in this 
country. 
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A Transient 


Pulse Width and Pulse Amplitude Meter 


By F. Hart*, A.M.LE.E. 


The basic principle of measuring the amplitude of the transient is to charge a low leakage capa- 
citor to the peak amplitude of the pulse and measure the voltage across the capacitor, with an 
electrometer type voltmeter, before the charge leaks away. 


To measure the pulse width (at the base) a similar capacitor is allowed to charge linearly to an 
amplitude which is proportional to pulse width. The amplitude of the sawtooth thus produced is 
measured by a second electrometer voltmeter which gives a linear scale reading of pulse width. 


C’'TRAIN gauges, crystal pick-ups and other forms of 
transducer are used as electro-mechanical elements to 
produce pulses which correspond to the displacement, velo- 
city or acceleration of a component under shock test. 

The measurement of transient phenomena is normally 
accomplished by observing 
or photographing the wave- 
form displayed on a c.r.t. 
There are many applications 
such as shock testing of 
structures, packages, elec- 
tronic components, etc., in 
which the amplitude or 
duration of the impulse are 
the only quantities required. 
Where the work is purely 
repetitive, photography be- 
comes laborious an d 
uneconomical. 

The instrument to be 
described was developed to 
read the peak amplitude of 
transient pulses originating 
from a valve under vibra- 
tion. In the particular 
application for which the equipment was developed the 
combination of pulse amplitude and pulse width was of 
importance. The instrument therefore gives a meter indica- 
tion of the peak amplitude and width of non-recurrent 
pulses. 

Noise pulses originating in other 
assemblies, can also be measured. 


components or 


Action 
PULSE AMPLITUDE 

The input pulse should be positive and should have an 
amplitude greater than 0-5V and less than 10V. 

If the transient to be measured has insufficient amplitude, 
any conventional amplifier, having a bandwidth suitable 
to pass the pulse without distortion, can be used to amplify 
the transient before feeding to the instrument. 

Referring to Fig. 1, V, and V, constitute anode- 
followers having stable gains of approximately ten and 
unity respectively. The anode-follower type amplifier was 
used because of its ability to amplify a wide range of 
signal amplitudes without amplitude distortion. Fig. 2 
shows the combined amplitude response of V, and V,. The 
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The front panel of the pulse width-amplitude meter 


response is linear to inputs as great as 30V peak-to-peak. 

Care should be taken with the layout and the quality 
of the components determining the gain of the amplifier. 
The resistors which determine the gain should have low 
self inductance and low capacitance. Capacitors should 
have no resistive or inductive 
components. ‘The anode- 
follower is particularly 
susceptible to uncontrolled 
feedback circuits with sub- 
sequent modification of 
amplifier characteristics. 
With this in mind, the com- 
ponents should be spaced 
away from each other and 
the chassis. 

Without the trimmer 
capacitor C, the high fre- 
quency response of the 
amplifier would be poor 
because of the hf. filtering 
action of the resistor R, and 
the effective input capaci- 
tance of V,. 

Fig. 3(b) shows _ the 
response of V, to the 1OQusec input square wave shown in 
Fig. 3(a). 

Fig. 3(c) shows the square wave response of the two 
amplifiers. 

Examination of Fig. 3(c) shows that the amplifier rise 
time-constant is approximately 1jsec. 

The input positive-going transient, after linear amplifica- 
tion, by V, and V,, is fed through the cathode-follower V, 
to the charging capacitor C,,. As the output pulse from 
the cathode-follower builds up positively, the diode Vs» 
conducts, keeping the right-hand plate of the charging 
capacitor slightly above earth potential. When the pulse 
has reached peak amplitude, the diode stops conducting 
and leaves a charge in the capacitor proportional to the 
pulse amplitude. Fig. 3(d) shows the response of the charg- 
ing capacitor to a single impulse input. 

To obtain a true representation of the capacitor charge, 
it is not sufficient to observe the waveform at the cathode 
of the cathode-follower since the resistance of the conduct- 
ing diode must be considered as part of the charging source. 
We require the time to charge the capacitor from a source 
impedance consisting of the cathode-follower in series with 
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the conducting diode. To achieve this, the capacitor and 
the diode were interchanged and the oscilloscope was 
connected across the capacitor with one terminal at earth 
potential. To simulate single impulse conditions, while 
keeping a reasonable c.r.t. brightness for photographic pur- 
poses, the “ reset” switch was shunted with a 47kQ resistor 
to allow the capacitor to discharge completely between 
impulses of low p.r.f. 

From the photographs it will be seen that the value of 
the charging capacitor determines the minimum width of 
pulse that can be measured without amplitude distortion. 


right-hand plate of the 0-01uF capacitor charged to a nega- 
tive potential proportional to the amplitude of the input 
pulse, This negative potential is measured by the cathode- 
follower electrometer valve V,,. To maintain a high input 
resistance, the heater voltage is limited to 4-3V and the 
anode to 90V. A typical graph showing the relationship 
between the negative potential applied to the grid of electro- 
meter valve and the output meter reading is shown in Fig. 
5. It will be seen that the circuit is quite linear over the 
specified range of input voltages. 

Fig. 6 shows the amplitude response of the cathode- 
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Fig. 1. The pulse width-amplitude meter 


It will be seen from Fig. 3(d) that the charge time-constant 
is approximately 3usec. Thus a pulse of 12usec would 
rise to 98 per cent of the maximum value and a pulse of 
ISusec to 99-3 per cent. The measured relationship 
between the pulse amplitude meter reading and a constant 
amplitude single impulse of varying width is shown in 
Fig. 4. It will be seen that amplitude limiting occurs on 
pulses of less than 15yusec width. 

During the pulse the left-hand plate of the charging 
capacitor C,, stays at a positive potential proportional to the 
incoming pulse amplitude. At the end of the pulse the 
left-hand plate of the capacitor starts to fall and the right- 
hand plate of the capacitor falls by an amount equal to 
the positive potential which existed on the left-hand plate. 
Thus at the cessation of the pulse we are left with the 
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follower V,, to a positive potential. Here again the ampli- 
fication is linear to inputs up to +200V. With sufficient 
input to give full scale deflexion on the output meter, there 
is still an effective bias of 5V on the cathode-follower 
which precludes the passing of grid current. 

It will have been observed that the amplifier has a better 
frequency response than the cathode-follower and grid 
current will be taken by the cathode-follower V, during a 
fast rising input pulse. However, the effective output imped- 
ance of V, is approximately 5000, so that amplitude limiting 
can be neglected. 

At the end of the pulse the 0-01uF capacitor C,, starts 
to discharge through any available leakage paths. The main 
leakage paths available are: 
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(1) The insulation resistance of the capacitor C,,— 
greater than 20 x 10°MQ. 


(2) The ME1400 effective input resistance—greater than 
2 x 10°M0Q. 

(3) The CV140 (6AL5) p.t.f.e. valve holder—greater 
than 2 x 10°MQ. 

(4) The CV140 (6AL5) valve total leakage between 
anode and earth—greater than 0:5 x 10°MQ. 


It will be seen that the limiting component tending to 
reduce the leakage time-constant is the CV140 valve so 
that there is nothing to be gained by excluding the diode 
holder and holding the diode in the wiring. 

In like applications the insulation resistance of capacitors 
is invariably the limiting factor determining circuit opera- 
bility. The capacitor used in this application is a T.C.C. 
Plastapack polystyrene film dielectric type which is 
admirably suited, having such a high insulation resistance. 
The measured effective discharge time-constant of 100 
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Fig. 2. Amplifier amplitude distortion 
Input frequency—S500c/s; h.t.—450V; gain— x9. 


minutes is such that when an input transient of amplitude 
10V has registered full scale, the meter reading then falls 
by 1 per cent in 50 seconds, giving ample time to take a 
reading. Pulses narrower than ISyusec can be measured, at 
the expense of a faster decay time, by reducing the value 
of the charging capacitor C,,. 

To reset the meter after taking a reading a non-locking 
discharge switch (S,) is operated to discharge the capacitor. 
To reduce the leakage paths the switch consists of a phos- 
phor bronze spring strip which is remotely controlled by 
a Bowden cable. The charging capacitor carries no switch 
contact or associated leakage paths, the phosphor bronze 
strip simply wiping across the capacitor terminal to effect 
a discharge. 


PuLSE WIDTH 

To measure the transient pulse width, the input pulse, 
having been phase inverted in V,, is fed through the 
cathode-follower V, to the pentode V,. This valve, nor- 
mally conducting, has a fixed anode current of 200uA 
determined by the high stability anode load of 1-4MQ in 
series with the conducting diode V, and the stabilized supply 
voltage of +280V. When the control grid of V, is cut off 
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the capacitor C,, starts to charge through the 1:-4MQ 
resistor. This rising potential is fed via the cathode- 
follower V, to the high potential end of the anode load 
resistor. This raises the potential on the cathode of the 
diode V, above +280V and the diode ceases to conduct. 
Assuming that the cathode-follower was perfect, the high 
potential end of the charging resistor would now follow 
exactly the rise in potential across the capacitor C,,. This 
means that the steady current of 200uA which was flowing 
through the valve would now be supplied from the cathode- 
follower, through the 8uF capacitor C,, and into the capa- 
citor C,, since the diode and pentode are both cut off and 
virtually out of circuit. 


~IQusec- 


Fig. 3(a). Input pulse 





Fig. 3(b). Response of V_ to 


input pulse ; 


Fig. 3(c). Response of V, to 
input pulse 
Fig. 3d). Response of charging 


capacitor C,, 


Fig. 3(e). Limear charge of C,, 
due to O0-Smscc input pulse ~ 





Assuming the cathode-follower gain were unity the 
current (i) flowing into the capacitor C,, would be constant 
and hence the voltage rise (V.) would be linear governed 
by the expression: 


The cathode-follower gain is slightly less than unity and 
the expression (1) for the voltage across the capacitor is 
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given by: 
Ve = | 
where G is the gain of the cathode-follower. 
SRR... a EN (3) 
ra + (u + DR« 
So, making Rx large so that (u + 1) Rx > ra 


th 
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Referring to equation (2) the capacitor appears to be 
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Constant amplitude input pulse of 10V; effective CR approximately 2-4 usec. 


charging on a time-constant of »C,,.R from a potential of 
u times the h.t. voltage. 


There are four ranges for pulse width as shown in Table 1. 





potential. The potential of the cathode of V, and hence of 
the 8uF capacitor also fall; the diode V, conducts and the 
8uF capacitor is supplied with the small amount of charge 
lost due to charging the capacitor C,,. Thus the circuit 
returns to its original state ready for the next transient. 
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Fig. 5. Ekctrometer cathode-follower linearity 
































TABLE 1 
SCALE | CHARGING 
RANGE | MULTIPLIER CAPACITOR 
10—100 psec | 0.1 200 pF* ag 
50—500 psec 0.5 O01 pF + 1% hs. 
0-2—2 msec 2 004 pF + 1% hs. 
1—10 msec 10 0:02 pF + 1% hs. 








_* This capacitor comprises a 170pF +5% h.s. in parallel with a trimmer which is 
adjusted so that the total capacitance, including strays, is 200pF. 


_ Considering the 10msec range and assuming perfect 
linearity of charge, substituting in equation (1) it will be 
seen that full scale deflexion is reached when V. = 100V. 


Substituting in equation (2) R = 1-4MQ 


Cy, = 0-:02uF 
p= 3S 
Vit = 280V 


we find that V. = 99-5V, giving a theoretical loss of 
linearity of —0-5 per cent. 

Fig. 3(e) shows the linear charge of the capacitor C,, to 
an input pulse of 0-Smsec width. 

When the input pulse falls to zero, the pentode V, again 
conducts and the capacitor C,, is discharged nearly to earth 
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Fig. 6. V, d.c. characteristics 


It will be seen that capacitor C,, must be large compared 
with C,, to keep the change of potential across R,, to a 
minimum and preserve the linearity of the charge. 

The operation of the remainder of the circuit is similar 
to the pulse amplitude circuit except that the “ Width ~ 
charging capacitor C,, is negatively charged to the peak 
value of a sawtooth instead of an exponential waveform. 
It is obvious that the linear increase of potential across 
C,, is directly proportional to the applied pulse width 
giving a linear scale meter reading. 
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Calibration 
SET ZERO—PULSE AMPLITUDE AND PULSE WIDTH 

To set the zero meter reading in both the pulse ampli- 
tude and width meters, the “ set zero” non-locking switches 
are closed and the “ set zero’” potentiometers adjusted until 
the meters read zero. When the switches are released it will 
be noticed that the meters read approximately one per cent 
of f.s.d. This effect is mainly due to diode contact potential. 
This false zero is the more correct setting since a positive 
input pulse to the diode having an amplitude equal to the 
contact potential, say 1 volt, would cause no current 
to flow into the charging capacitor, but the meter would 
still indicate correctly at 1 volt. Similarly a pulse of, say, 
70V would cause charging current to flow due to 69V of 
the pulse. The false zero setting thus compensates for con- 
tact potential error. In any case the diode input pulses are 


high compared with contact potential, so that the resultant « 


percentage error is very small and can be neglected. 


SeT FULL SCALE DEFLEXION—PULSE AMPLITUDE 

Any d.c. voltmeter of known calibration accuracy is con- 
nected, and remains connected during the pulse amplitude 
calibration, to the terminals labelled “ calibration output ”. 

The “calibrate amplitude” potentiometer VR, is 
adjusted until the voltage, as read on the external d.c. 
voltmeter, is 10V. To set f.s.d. the calibration switch is 
simply turned to “calibrate amplitude”. A d.c. potential 
of 10V is thus passed to the input of the amplifier produc- 
ing an amplified transient to the cathode-follower V,, 
causing the meter to read. The set f.s.d. potentiometer is 
then adjusted to give full scale reading on the meter. To 
repeat, the calibration switch is rotated anti-clockwise to 
the “use” position and again turned to the “calibrate 
amplitude” position to re-check the calibration. The input 
capacitor C, is automatically discharged as the switch is 
returned to the “use” position. This is necessary other- 
wise the capacitor would only discharge slowly through its 
own leakage resistance, giving an effective calibration 
signal of much less than 10V due to the charge remaining 
in the input capacitor C,. 

To check other points on the meter scale the “ calibrate 
amplitude” potentiometer is adjusted to read the required 
input voltage and the calibration switch is rotated from 
“use” to “calibrate amplitude” and the output meter 
indication is checked against the steady voltage reading on 
the external voltmeter. 


SET FULL SCALE DEFLEXION—PULSE WIDTH 

To set the f.s.d. calibration of the pulse width meter, first 
turn the pulse width range switch to the 10msec range 
(position 1, C,, = 0-02uF). Next turn the calibration 
switch from “use” to “calibrate width”. During the time 
that the switches are in position 3 a 50c/s sine wave of 
approximately 180V peak-to-peak appears on the cathode 
of V,. The diode V,. conducts on the negative half cycles 
so that the pentode is cut off for 10msec, allowing the 
capacitor C,, to charge to 100V. The pulse width meter read- 
ing can now be adjusted to read full scale. The calibration on 
the other ranges will now be correct assuming that the high 
stability capacitors C,, to C,, have been chosen to suit the 
scale ranges required. 

Further detail is appropriate at this stage. Referring to 
the switch contacts S,», it will be seen that when on the 
“calibrate width ” position the — 150V supply is not being 
supplied to V,. Had the switch been left in position 3 the capa- 
citor C,, would carry the 50c/s sawtooth component found 


ELECTRONIC ENGINEERING 196 


at the anode of V, in addition to the peak d.c. component 
and the meter would read the mean value which would 
have a form factor of approximately } for an equal mark- 
space sawtooth. Thus, as the switch is rotated from the 
“use” to “calibrate width” position, so long as the 
switch remains on position 3 for more than 0-02sec, at 
least one half-cycle of the 50c/s calibration signal will pass 
to V;. The capacitor C,, will then be fully charged to the 
peak value of the sawtooth and the a.c. component will be 
automatically removed when the switch reaches the “ cali- 
brate width” position (position 2). To remove the a.c. com- 
ponent, it was found better to disconnect the negative 
supply to V, rather than switch off the input calibration 
signal. Switching off at the input produces sudden dis- 
continuities giving an erroneous calibration, If the supply 
to V., is switched off, the calibration signal simply 
falls to zero without any discontinuity. With this 
in mind the switch §S,, has make before break contacts 
to ensure that the input signal is not momentarily switched 
off when moving from one contact to another. 

During the quiescent state in the “use” condition it is 
essential that the diode V,, be non-conducting. If the 
cathode potential of this diode were negative, V., would be 
permanently cut off, C,, would be fully charged and the 
meter would not indicate on subsequent pulses. To achieve 
this, the current through the cathode-follower V. is stabi- 
lized by the 33kQ hs. resistor and the stabilized 
—-150V supply so that the diode cathode potential can be set 
at, say, 2V positive ensuring that the diode is not conducting. 
This means that V, will not be cut off until the negative 
half-cycle input to V, has moved through about 3V. The 
90V negative half-cycle calibration signal would give an 
angle of “no flow” of 176°. Thus there is an inherent error 
of +2-2 per cent when measuring the width of pulses having 
very fast rise and fall times. It has already been shown that 
there already exists a —0-5 per cent error in the amplitude 
of the sawtooth waveform. The resultant error is small 
enough to be neglected. Furthermore, there is an advantage 
in using such a conservative bias of +2V on the cathode of 
the diode V,,.. Without this amplitude discrimination un- 
wanted hum signals which are fed to the input will be 
amplified by V, and tend to cut off V, and give full scale 
readings, particularly on the narrower width ranges. With 
this in mind the potentiometer VR, has been included in 
the cathode circuit of V.. The diode bias can now be 
adjusted to eliminate the effect of extraneous input hum 
signals. Similarly unwanted noise signals can be rejected. 

Stable supplies and components are not essential in most 
parts of the circuit since the built-in calibration facilities 
permit easy setting up. With the circuit as shown continuous 
re-calibration due to mains and component variation is 
reduced giving a calibration accuracy of approximately 
+3 per cent. ; 


Subsidiary Uses 
FREQUENCY METER 
It will be understood from the action of the 50c/s cali- 
bration signal producing full scale deflexion on the 10msec 
range that the same principle applies on the other ranges at 
different frequencies. Thus, sine waves at frequencies other 
than 50c/s and having amplitude of 6-3V r.m.s. would also 
cut off V, for the same fraction (176/360) of a cycle. 
Therefore, if the meter is set to read f.s.d. on 50c/s there 
will be no errors on the other ranges at higher frequencies. 
The operation would be to apply the signal, having a 
peak amplitude of less than 10V, to the input terminal, 
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then switch from “use” to “read” and the meter reading 
would then indicate the input frequency, e.g. on the 2msec 
to 0-2msec range a 500c/s sine wave applied to the input 
would read half full scale when switched to the “read” 
position. 

The ranges of frequency measurements corresponding to 
the pulse width ranges are shown in Table 2. 


TABLE 2 
FREQUENCY COVERAGE 





PULSE WIDTH RANGE 











10—1 msec 50—500c/s. 
2—0-2msec 250—2500c/s. 

500—SOpusec 1—10kc/s. 

100—10yusec 5—S0kc/s. 





For small input amplitude the angle of no flow decreases, 
giving a negative error in the indication. However, measure- 
ments on the instrument give negligible errors so song as the 
input does not drop below 1-5V r.m.s. 


PEAK-TC-PEAK VOLTMETER 

Repetitive signals applied to the input become negative 
with respect to earth by action of the diode V,» On discon- 
necting the input by switching to “read”, the a.c. com- 
ponent across C,, disappears, leaving the peak-to-peak volt- 
age of the input signal across C,,, i.e. 1 to 3 mark-space 
positive square wave (mean/peak = 4) of amplitude 10V, 
applied to the input which would he restored negatively by 
the diode V,» to give a mean/peak ratio of } and a meter 
reading of 7:5V. If the input is switched off, the meter 
would then read the true peak value of 10V. 

The diode V,a, although not essential when measuring 
transient pulses, is included to restore recurrent signals 
positively with respect to earth. This ensures that the 


Electronic Machine for Sorting Parcels 


AX automatic parcel-sorting machine, the first of its kind in 
Australia, installed at the Melbourne General Post Office. 
has as its basis a moving belt which drops parcels through a 
series of gates into their correct sorting bins. Electronic con- 
trols enable a parcel to be sent to the required gate, and this 
closes again after the parcel falls sideways off the conveyor belt 
into the receiving bin 

The conveyor belt is 80ft long, and one side of its enclosing 
frame is composed of 12 gates, representing the classified des- 
tination of the postal articles. Thus, there is one gate above 
the appropriate conveyor bin for City parcels, another for 
suburban, and others for country and interstate destinations. 

There are two operating positions at the launching end of 
the belt (to which the parcels in bulk are conveyed by another 
belt, and to a hopper-like table). On each side of the table are 
two identical control panels, operated by two sorting officers. 

These panels function by compressed air under the control 
of the keyboard pre-selector mechanism. 

The sorting officers feed the articles into the belt from the 
pile on the table, but before each presses his button for the 
gate to which the article is to be directed, he has to get a 
green signal light on the panel. This is because the preceding 
parcel has to pass a photocell in the early stages of its journey. 
Past this point the selector panel automatically receives its 
green light signal, and the way is clear for another parcel to 
be placed on the belt. 

The arrangement provides for appropriate spacing of the 
postal articles, and the speed of the general sorting is thus 
governed by the speed of the moving belt, which is capable of 
dispatching about 36 a minute. 

An additional guide for each of the two operators of the 
panels is a red light which automatically shows if a button is 
pressed before a moving parcel has passed the magic eye. 
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pulses into the cathode-follower V, always start their posi- 
tive excursion from the. same fixed potential. Without the 
diode the meter reading would increase as the p.r.f. is 
reduced. . 

With recurrent pulses the charging capacitor C,, is fully 
charged during the first pulse so that the high frequency 
response to subsequent pulses is improved. With this 
particular amplifier the minimum width of a recurrent pulse 
which can be measured is 3usec as compared with I5yusec 
for a transient pulse. 

For a sine wave input the negative restoration by the 
diode V,, produces a mean/ peak-to-peak ratio of 2/1 and 
the meter reads half the peak-to-peak value of any par- 
ticular input. On switching off the input the meter reading 
is doubled to give the true peak-to-peak value. 


INTERVAL TIMER 

If the interval to be measured is in the form of a positive 
square wave, intervals between I0usec and 10misec can 
obviously be measured. If the interval is not available in 
this form it is generally a simple matter to produce a positive 
square wave from the “start” and “stop” pulses or the 
“ make ” and “ break * contacts of the particular item under 
test. 
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Addresses on the parcels are, of course, studied by the opera- 
tors before pressing the button. 

Technically the important units comprise a revolving drum. 
which is mechanically linked with the belt-driving apparatus. 
and 12 annular magnetic steel rings mounted on the drum. The 
latter completes a full revolution during the period in which 
the sloping belt has travelled from a point near the sorting 
position to the end of the belt run. Associated with each 
annular ring, one for each drop panel, is a recording head, 
magnetic relay and obliterator. 


The two control panels; the conveyor belt can be seen passing 
between the two operators 
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The Matrix Approach to Filters and 


Transmission Lines 


By M. E. Fisher* 


(Part 1) 


The use of matrices in the treatment and solution of problems in electronic engineering has 


become increasingly popular. 


The matrix approach is flexible and gives a broad and unified out- 


look on the problems discussed. In recent years it has been applied to various passive network 
problems'*, to the design of phase shifting networks for oscillators® and to the theory of quadri- 
poles including thermionic valves as elements*. This article is intended to show how the theory of 
lumped-parameter and continuous transmission lines and filters finds a natural development in 


the language of matrices. 


Important concepts in this theory such as the propagation and attenua- 


tion constants, the surge or iterative impedances and the nature of the pass and stop bands turn 

out to be closely related to basic properties of matrices. Only the normal algebra used in a.c. 

theory is required for matrix methods which thus obviate the need for the calculus and differential 
equations in the theory of lines. 


A simple graphical method for finding the nature of the pass bands of any filter is developed. The 

method also gives the attenuation and the speed of the waves on a filter, and their variation with 

frequency. The reason for the large number of circle diagrams used in transmission line theory*®”® 
is seen to arise from the properties of a matrix transformation. 


Ebene fundamentals of matrix algebra—addition and 
multiplication—and the matrix equations for quadri- 
poles have been discussed before in this journal**. It will 
be assumed that the reader is familiar with these funda- 
mentals and they will be restated merely to introduce the 
notation used in this article. 

















‘Bagi aap ets 
es $ 4) | A |) SS Sie 
1 ————— | 

Fig. 1, General quadripole or four-terminal net 


Fig. 1 shows a general quadripole and the conventions 
for the input and output voltages and currents. In terms of 
these we have the equations: 

Ve = anv, + a 
I, = ee + Aol, 

The coefficients aij are determined by the structure of the 
particular quadripole under discussion*. If this contains 
no active elements, such as amplifiers, then the following 
relation between the coefficients holds as a result of the 
reciprocity theorem‘. 

|aij| = @y:A22 — A282, = 1 
We will only consider such passive quadripoles. 

It is useful to notice that a,, and a,, are pure numbers 
while a,, has the dimensions of impedance and a,, those 
of admittance. 

Equations (1) may be written in matrix notation as: 


Vo _ 741 ie V, (3) 
ra Teas a>, Qo» I, So 2 @ 6166108 6.06 
It is convenient to introduce single symbols to represent 


the matrices in equation (3). These are distinguished from 
normal algebraical symbols by the use of heavy type. 





* Department of Physics, King’s College, London. 
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Vo V; Ti, ie 
S: iz zs es & 
7 - w bog . be ie 
The fundamental equation then becomes: 


Re SR eis nia is Bina wie eee (5) 


This can be inverted to give the output conditions in terms 
of the input conditions, i.e. : 


a We CR AS See (6) 


A~' is the inverse or reciprocal matrix given in this case 
by: 


Reverse Quadripole 

If a matrix A characterizes a given quadripole the matrix 
corresponding to the reverse quadripole, formed by turn- 
ing the quadripole around and using the original output 
terminals as input terminals, can be obtained as follows: 


Yo = Ry, awd eG) aoe a wa le Oe ee ee (8) 


by analogy with equation (5). Here R is the matrix of 
the reverse quadripole and y, and y, are the input and out- 
put column matrices for the reverse quadripole. From equa- 
tion (7) and noting that the sense of the currents must be 
altered when using the quadripole in reverse we obtain: 


Az2 Aye 
cos ; 
ay, Ay 


A symmetric or reversible quadripole is one which has 
the same effect whichever pair of terminals is used for the 
input. In this case the matrices A and R must be the same 
which gives as a condition for a quadripole to be 
reversible that: 


we write 


QA, = Ar 


(compare equations (4) and (9)). 
This condition is illustrated by the matrices of some 
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Reversible Quadripoles 
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T-section 


Non- Reversible Quadripole: 


oe 


Fig. 2. Some common quadripoles and their ‘‘A’’ matrices. 
Z—impedance, Y—admittance 





L- section L-section 


common reversible and non-reversible quadripole networks 
shown in Fig. 2. 


Quadripoles in Cascade 


Many quadripole networks encountered in practice are 
made up of various combinations of simpler quadripoles. 
In these cases it is very useful to have a direct method of 
calculating the matrix of the more involved quadripole in 
terms of those of its constituent quadripoles. Combinations 
of quadripoles with the terminals in series, parallel or series- 
parallel are easily dealt with’. In particular the matrix 








—e | <4 o-— ae 
Xo A x, B Xo Xo Cc X2 
He }———, 


























Fig. 3. Two quadripoles in cascade equivalent to a single quadripole 


for the overall quadripole formed by connecting two 
quadripoles in cascade (Fig. 3) can be found by the method 
of matrix multiplication’. In the notation of Fig. 3 we 
have: 

x, = Ax, 
Thus: 

Re Pe abs ick wees (12) 


where the matrix C, representing the overall quadripole, 
is the matrix product AB of the two matrices A and B. 

For ladder networks, that is for longer chains of quadri- 
poles, we have further factors in the product. For example, 
we would have: 

x, = ABCDx, 
for a row of four different quadripoles in cascade. Practical 
application of this principle to RC phase shifting networks 
are illustrated in Ref. 3. 

A filter or artificial line is a row of similar quadripoles 
each with the same matrix. The overall matrix for a chain 
of n similar quadripoles with matrix A is A" (repeated 
application of equation (12) with A = B). 

We have: 

La _ pau 7 o An (13) 

wok Az, Az2 a es 

and inverting this: 

TV n | (A V 

in = = ny 
oe ) I, 

These two matrix equations relating the input and output 








2. a ¢ rere (14) 
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voltages and currents are the basic equations of the theory 
of lines and filters. Later they will appear in more familiar 
form. (A~" is the matrix inverse of A*). 


Vector Interpretation 

Equation (13) relates the two column matrices x. and Xn. 
Each of these depends on two numbers, one representing 
a voltage and the other a current. These two numbers can 
be regarded as the two components of a vector in a plane. 
Thus x, can be interpreted as a vector with components 
([o, Vo) and xn as a vector with components (Jn, Vn). These 
vectors can be represented on a diagram (Fig. 4) using two 
perpendicular axes to represent current and voltage. As, 
however, we are in general concerned with alternating 
currents the components of the vector x (/, V) will be com- 
plex numbers which cannot be represented directly as 
distances along a single axis. In spite of this it is useful to 
regard V and / as single magnitudes and interpret them, 
symbolically if not directly, by the distances along two 
axes in a plane. 

With this interpretation of x. and x, the matrix A" 
appears as an “ operator ” which when applied to the vector 
xn transforms it, by rotation and extension into the new 
vector Xx». A7" is the inverse operator which generates xn 





V, 
Xan, Va) 
Xo (Lo,Vo) 
pais 
Y 
Saar 
ea I 











Fig. 4. Showing the interpretation of x, and x, as vectors and the two 
axes of a typical A matrix 


when applied to x», i.e., cancels the effect of A®. The matrix 
A alone is an operator which when it operates n 
times in succession on xn transforms it successively into 
Xn,,Xn-. ... and finally into x.. The interpretation of 
a square matrix as a vector operator is a useful aid in con- 
sidering the effect of a line or filter on a given applied 
voltage and current. 


Propagation Along an Artificial Line 

Consider an infinite line of similar quadripoles each with 
matrix A connected in cascade. A single wave propagating 
along this line is characterized by the fact that the voltage 
and current suffer the same change in phase and the same 
attenuation (or amplification) as the wave passes across any 
quadripole. In other words, voltage and current at the n™ 
pair of terminals are equal to the voltage and current at 
the (n + 1) pair multiplied by a constant factor (possibly 
complex). The value of this factor will determine the nature 
and the speed of the propagation. We can write: 


Xn = EXns1 Wie Whw 608 8S 6 6 Cote Led (15) 
where € is a constant. Furthermore, since the matrix of 


the quadripoles is A 
Menace AMC 6 atresia gcse oa orbs (16) 


Thus for a particular type of quadripole the constant ¢€ 
must be determined from the equation. 
MR we Bi BH lin oss RR (17) 


The subscript (n + 1) may be omitted since it is irrelevant 
here. This equation may be interpreted directly in terms 


4 


ELECTRONIC ENGINEERING 














of our vector representation of x. It implies that x must be 
a vector such that the effect of operating on it with A is 
to leave it unaltered except for a change in magnitude by a 
factor €. The direction of x is not affected. Any vector, 
say w, fulfilling this condition is called an eigen-vector of 
the operator matrix A (from the German eigen meaning 
self, since, except for the magnitude, w is transformed into 
itself). The value of £ corresponding to a particular eigen- 
vector w is called the eigen-value of the matrix for the 
vector w. The terms characteristic or latent roots of the 
matrix or proper value ate also used for €. The directions 
determined by the eigen vectors of a particular matrix are 
sometimes called the axes of the matrix’. (see Fig. 4.) 

We can determine the eigen-values of the matrix A as 
follows. Equation (17) is equivalent to: 


(a,, — &V + a,,1=0 
be higtaiteree. (18) 
a, V + (a..—6)1 =0 
These two equations can only be consistent if: 
a,,—€& ay. 
ens uae 730) (19) 
} Qa, G2. ae | 


[his equation is the characteristic equation of the matrix 
and is well known in many applications of matrix theory. 
For example it is used to determine the frequencies of 
vibration of an aircraft wing and the behaviour of an elec- 
tron in a crystal. 
Using the fact that |aij; = 1 it can be written: 
&—(@, +ay€+1=0.......... (20) 


Solving this quadratic equation gives two values for &, 
the eigen-values 
&: = ta + V[Ga)’ — 1) 
and 
& = 4ao — V[(4a.)’ — 1] 
where : 

Ny ae Cy ee eae eee .»« (22) 
is the sum of the diagonal elements of the matrix and is 
called the trace or spur of the matrix A. This plays an 
important part in what follows. 


From equation (21): 


Cer ren rere: (23) 
If we write: &, = ev 
then: ROMEMEPT ) baie et see (24) 
where y is a complex number 
yoart jp eS wie Wik ren: 8 ein unto ss (25) 


(a and £ real) called the propagation constant. 


The significance of the propagation constant is well 
known and can be seen if we suppose that w, and w, are 
two eigen-vectors of A corresponding to the eigen-values 
€, and €,. w, and w, represent the voltages and currents 
at some point of the chain. Then by equation (19): 


Aw, = £.w, Aw, = £,W, ........ (26) 


If the voltages and currents are varying harmonically in 
time with frequency v = w/2z7 we may write: 


jeot 
w, = we = s ns kee ars aie (27) 


Pp e 


: yu e™ 
w, = wie — 
‘ ypu ev 


and: 


ELECTRONIC ENGINEERING 200 


Using w, and w, as xX» in equation (14) we obtain: 

Xn = A~"x, = Aw, = £,-°w! " gee (28) 
or: 

Xn = Ax. = A-"w, = £,-"w!! el 


Then from equations (24) and (25): 


I ,jwt-yn 


X= we a cael 


= wi e~ 
or: 


11 ,an j(wt + Bn) 


jiwtt+yn 
jotry? _ wile e 


Xn = wile 


Equations (29) and (30) represent waves of frequency : 
et if ee) eee ee (31) 


(where 7 is the period and w the pulsatance or angular 
frequency) and wave number: 

k=B/2nr=1/A (32) 
(A is the wavelength of the wave measured in units of the 
spacing of the quadripoles or filter sections). 8 may also 
be interpreted as the phase change per quadripole. The 
wave represented by equation (29) travels to the right with 
decaying amplitude controlled by the decrement or attenua- 
tion a. The power attenuation of the wave due to one 
quadripole or filter section is given by: 


A = 8680 decibels ............ (33) 


Equation (30) represents a similar wave travelling to the 
left. If a =0 both these waves propagate freely without 
attenuation. The speed of the waves is given by: 

C=aA / T=W / B 
in units of quadripole spacing per second. 

Thus the two eigen-values €, and £€, of the matrix A 
correspond to two independent waves of voltage and cur- 
rent travelling in opposite directions with speed and attenua- 
tion determined by the propagation constant y. This in 
turn is fully determined by the coefficients of the A matrix. 

Note that the reverse quadripole with matrix R given by 
equation (10), has the same eigen-values and eigen-vectors 
as the direct quadripole, but in reverse order. 


Attenuation and Pass-Bands 

If the waves are to be transmitted along the line of 
quadripoles without attenuation we must have a = 0; in 
other words yy must be purely imaginary, so that: 

é=etY =etif. 

For a given quadripole this will usually be possible only 
for certain frequencies. Our aim is to determine what 
frequencies can be freely transmitted. Equation (20) gives 
€ in terms of the trace a. = a; + G22, but it can be rewritten 
to give a in terms of €. 


ee LS See (36) 


If there is to be no attenuation, € is restricted by equation 
(35) so do is also restricted, 


= (cos B + jsin 8)+(cos 8 = jsin 8) 


aA = e+iB + etiB 
Le.: 
ip == 21008 B= 2OUR LEK 5. 
using equation (32). 
Now cos 8 can take any values between +1 and - ! 
inclusive and is always real since £ is real by definition. 
The condition for unattenuated propagation is thus: 


(i) The trace of the matrix, a, must be real, ao = ao*: 
and (ii): 
-~2€a@<2 
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a depends on the coefficients of the A matrix which in 
turn are determined by the impedances and admittances of 
the quadripole. These impedances and admittances vary 
with the frequency, i.e., with w, so that equation (37) deier- 
mines those frequencies for which the line acts as a pass- 
band filter. 

Frequencies for which a, does not satisfy equation (38) 
will be attenuated. In a filter with negligible resistance a. 
is always real since it depends only on products or ratios 
of pure reactances. Then if a. is outside the range —2 to 
+2 the eigen-value € will be purely real by equation (21). 
In this case 8 is zero and y =a so that equation (30) 
becomes : 
lal = € + 1/E = eta + eFa 


Le. : 

\Malvem: DOME Os 6% sk obese aa (39) 
({do| is the modulus or absolute value of a. irrespective of 
sign.) : 


This shows how the attenuation depends on the value of 
the trace of the matrix outside a pass band. If a is large 
equation (39) can be approximately written a = In |a.| 
which gives the power attenuation per section as: 


A = 20° log,,lao| decibels .......... (40) 


Application to Practical Filters 
We will illustrate the use of the criterion equation (38) 


é 


irheGi tied’ Sinaia alma 
= a : a 





Z = jul Y = jac 
a= a w? “ce 
Fig. 5(a). Low-pass filter 








Fig. 5(b). Graph of the trace a, against frequency w 


Fig. S(c). Graph of attenuation q. and phase charge B: against w 
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Fig. 6(a). High-pass filter section 
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Fig. 6(c). Graph of attenuation q and phase charge § against “ 


by discussing various filters formed of L-type sections 
shown in Fig. 2. The argument would equally well apply 
to the reversible x or T networks. For all these types of 
quadripole the trace of the matrix is: 


PO 0) a eee eer (41) 


where Z is the series impedance and Y the parallel admit- 
tance of one section. 
Consider the simple low-pass filter of Fig. 5(a). Here the 
trace is: 
Ages 2 = whe Gist. paves (42) 


which will always be real, hence fulfilling the first condi- 
tion of equation (38). In Fig. 5(b) a graph of a. against 
» the pulsatance or angular frequency is plotted for posi- 
tive w. In this case the graph is merely an inverted para- 
bola. Now by equation (38) when a is between —2 and 
+2 the attenuation is zero. To find what band of fre- 
quencies the filter will pass we examine the curve of a. 
against w. Where this curve falls between the two hori- 
zontal lines a = 2 and a) = —2 shown in Fig. 5(b) the 
filter will pass the waves. This shows that this filter will 
pass low frequencies from w = 0 to w = 2/ VLC, while 
frequencies greater than this will be attenuated. 

Fig. 5(c) shows graphs of the attenuation a, and f the 
phase change per section, against w. These can be obtained 
directly from the graph of a. by use of the two graphs: 


a = 2cos 8 and |a| = 2cosha 
(equations (37) and (39)). 
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which are plotted on the left-hand side of Fig. 5(b) using 
the same a, axis. For example, to find the attenuation for 
a given pulsatance w the first step is to find the a corre- 
sponding to this from the right-hand portion of Fig. 5(b). 
The second step consists in transferring this value of ao 
to the left-hand portion where a is plotted against a, and 
finding the value of a corresponding to this value of ao. 
This value of a is then the attenuation appropriate to the 
original ». The same method is used to find 8 for a given 
@. 

In Fig. 6 a similar graphical analysis is performed for a 
high-pass filter having a frequency at which there is infinite 
attenuation just below the cut-off frequency. The expres- 
sion for the trace of the matrix in this case is: 


a | yes. 
a ta 


from which the cut-off frequency and frequency for infinite 
attenuation can be obtained directly. 


C2 


Y m jwC3 





o— 
2 1- w2LC, 
- jetCe* G = w*LC C2) 
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24 & Eee 
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Fig. 7a). 


Band-pass filter section 








Fig. 7(b). Graph of a against ,,, for band-pass filter (C, =2C, =2C,) 
Fig. 7(c). Graph of attenuation q, and phase charge B against « 
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Fig. 8(a). Band-stop filter section 








Fig. 8(b). Graph of a, against « for band-stop filter. (@, = 32 = Fw, 
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Fig. 8(c). Graph of attenuation q and phase charge B 


A band-pass filter utilizing three capacitors and one 
inductance is analysed in Fig. 7. The expression for the 
trace is slightly more involved, although the graph is 
readily drawn. In this case: 

1 -— w' LC, » 
"1+C,/C, — wc, 

Finally Fig. 8 shows the attenuation and phase change 
obtained from a band-stop filter with two frequencies of 
infinite attenuation in the band. 


Here: 


t= 24+ IC, 


@ — L,.C,Ml — LC) 


Using this graphical analysis it is easy to devise filters 
with any particular pass characteristics or to predict the 
behaviour of a more involved filter section with one or 
more passing bands. 


a = 2 = 
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Impedances Corresponding to the Axes of the Matrix 


The matrix equation (17) Ax = &x enabled us to deter- 
mine £, and &,, the two eigen-values of the matrix. On 
the basis of the vector interpretation of matrices it was 
shown how only certain of the vectors x could possibly 
satisfy this equation. These are the eigen-vectors of A, w, 
and w., corresponding to eigen-values £, and €, respec- 


tively. One can write: 
y” 
Wa. I’ 


V’ 
w, = l’ 


These two eigen-vectors determine the axes of the 
matrix (see Fig. 9). The slopes of the two axes are: 


m, =V’'ll! and m, = V"/I’ 


It should be noted that if w, is an eigen-vector of a 
matrix A for eigen-value €, then any constant multiple of 
w, such as cw, is also an eigen-vector for the same eigen- 
value. So that whatever particular eigen-vector is chosen 
the slope of the axis is completely determined by equation 
(44). All possible eigen-vectors lie along one or other of 
the two axes. 

Now the slopes m, and m., have the dimensions of 








V 
ae: 
2 
pre 
We 
w, ‘ 
, |v 
| Dia 
5 a 
Fig. 9. Showing two eigen-vectors of a matrix 


impedance (voltage divided by current). We use them to 
define two characteristic impedances for the particular 
quadripole. 

2=—-mMm = Wil 2=—=-mMm,= dag | (45) 


It will be seen that these impedances are closely related 
to the two surge or iterative impedances of a quadripole. 
To evaluate z, and z, in terms of the matrix elements 
of the quadripole we write out the matrix equation Ax=&£x 
in full using the two known values of €, and £,. 
For the first eigen-value this gives 


a,,V’ + al’ = §&,V’ 





QV’ v Qo o]’ = él sha th he (46) 
From this we have 
fie E, — dy» 
a= V’/1 = - Resi. or i= oh 22 ree 
re — ay “ As, (47) 


and a similar expression for z, involving €, in place of ,. 
Substituting for € in terms of the coefficients (equation 21) 
one obtains 


vel (a, ae Gs;) ‘ V {(4a0)* _ 1} 


1 
2a», a2, 


" (a,, — a2) Be Vv {(4a.)? oe 1} 


2a, a2, 








22 eee eee 
where a. = a,, + Qo, is the trace of the matrix as before. 
For a symmeiric or reversible quadripole such as the 
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usual 7 or T sections the matrix elements a,, and a.. are 
equal (equation 10)). In this case the expression for the 
characteristic impedances greatly simplifies. 


21 = V(a,2/ a2) Z. = V(ay2/a2;) 


so that z, = — z, for a reversible quadripole. 


Surge or Iterative Impedances 


We will now examine the relation between these charac- 
teristic impedances of a quadripole determined from the 
slopes of the axes of the matrix, and the two iterative 
impedances of a quadripole met with in normal filter 
theory. The forwards iterative impedance of a quadripole 
is defined as the impedance looking into an infinite line 
of quadripoles connected in cascade. The reverse iterative 
impedance is similarly defined to be the impedance looking 
into an infinite chain of reversed quadripoles. We denote 
these impedances by (¢, and ¢, respectively*. The iterative 
impedances can be evaluated in terms of the matrix 
coefficients by considering the effect of removing one 
quadripole ircm the beginning of the line. Obviously since 
the line is infinite the situation is really unaltered and the 
impedance looking into the chain is still ¢, (Fig 10). 

As always if the matrix of the quadripole is A we have 
that 

> a 3 ee ae, ae (50) 
where in this case 


CE] =f Bo 


The second relation in each of these equations follows 
since the impedance is the same whether measured at the 
0" pair of terminals or the 1* pair, ie.. Vo = (Jo and 





Ge O 


Xo A x, G, een X 


(© 
Vig. 10. Tlustrating the fact that the input impedance of an infinite chain 
is unaltered by removal of one quadripole 











V, =(/,. Substituting these values for x. and x, and 
writing out the matrix equation in full we obtain 


Silo sit (anu + adi 
Io = (a2, bs CGD) bi 


Eliminating the currents from these equations gives 
rn Oe — (a, - Ayo) —a,=0 (53) 


Solving this gives the forwards iterative impedance {¢, in 
terms of the matrix coefficients : 


gp Mae fe o/h Geat ~ 1) 


a? 2d2, Qo) 


The positive sign for the root must be taken since ¢, must 
have a positive real part; resistance is always positive. The 
reverse iterative impedance can be determined by an exactly 
similar argument using the matrix of the reverse quadri- 
pole (equation 9) which merely has a,, and a,, interchanged. 
Thus: 

¢ E — Ar») i V { (a0)? ts U1] 

= —- ities Bal bt ince die 


2a, As, 





* The Greek letter th zeta, is used here to avoid writing further subscripts om the 
over-worked letter Z. 
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If these expressions for the iterative impedances are com- 
pared with those for the characteristic impedances (equa- 
tion 48) it will be seen that: 

Cong, ond G = —z, .........5. (56) 
In other words, except for a change of sign the iterative 
impedances are exactly the characteristic impedances deter- 
mined by the slopes of the axes or eigen-vectors! 

On reflexion this is not so surprising since, as we have 
shown, the eigen-vectors of the two eigen-values correspond 
to two independent waves propagating in opposite direc- 
tions with a relation between voltage and current deter- 
mined by the slope of the eigen-vectors. As is well known, 
such waves are not reflected if the line is matched, that is 
terminated with the appropriate iterative impedance. With 
such an arrangement the correct relationship between volt- 
age and current is maintained at the end of the line for 
propagation in one direction only. 


For a reversible quadripole a,, = a,, and the two itera- 
tive impedances become identical. 


G a S2 = ¢ = V(a,2/a2, ) 
as would be expected on physical grounds. 
(To be continued) 
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A REVERSIBLE BINARY COUNTER 


By R. W. Fenemore* 


A binary counter is described, which will both “add” and “subtract” from the total registered. 
Control and input signals are required. A control switching unit is described, and reference is 


made to a practical version of the complete reversible binary counter. 


One example is the 


digital analogue convertor, and the other use of a counter in conjunction with an interpolator. 


“Phos gh are used extensively in industrial process 
and control systems, as well as in general scientific 
investigations. Usually these counters are purely summa- 
tion devices in that they record the sum of the total 
number of input signals received. 

For some applications it may be necessary to both add 
and subtract from the total registered by the counter. In 
this case, the counter must be supplied with both control 
and input signals. The control signals indicate to the 
counter whether particular input pulses should be added 
or subtracted from the total registered by the counter. 
Such counters are generally termed “ reversible,” and this 
article will describe a reversible binary counter. 

For an example of the use of a: reversible counter, it 
may be required to indicate the total number of items 
already in store, to and from which items are being added 
or removed. Another example is the application of correc- 
tions to counts already made and registered in the counter. 
These corrections may be either negative or positive. A 
final illustration is the use of a reversible counter to indi- 
cate the actual position of a member when it has been 
subjected to a series of forward and reverse movements. 
The counter is used to keep a running total of instructions 
to the member and so indicate its true position. This 
system is employed as part of the control of a milling 
machine operating from input information, which is digital 
in form. 


Formerly Mullard Ltd. 
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Bistable Multivibrators as Counters 


Multivibrators have been used as binary counters for a 
long time. An example of such a counter stage is shown 


Fig. 1. Basic counter stage 
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in Fig. 1. Let this counter stage represent “0” when 
valve V, is conducting and “1” when it is cut off, i.e. 
when valve V, is conducting. 


For the process of addition, a carry-forward signal is 
required to operate the next stage when the counter 
changes from “1” to “0.” This signal may be obtained 
in several ways, two of which are: 


(a) from the anode of V, when it changes from being 
cut off to conducting, 


(b) from the anode of V, when it changes from being 
conducting to cut off. 


A sharper edge pulse is obtained at the anode of a 
valve when it is made to conduct than when it is cut off. 
This is because drawing current through the valve charges 
the stray capacitances at the anode of the valve more 
quickly than the charge leaks away when the valve is cut 
off. Hence the most suitable signal for triggering the 


Stage | | Stage 2 
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Fig. 2. Basic add-subtract counter stage 


succeeding stage of the counter is obtained from con- 
dition (a) above—point a Fig. 1. For subtraction, a similar 
argument leads to the selection of a triggering pulse for 
the succeeding stage from the anode of V, when it is 
made to conduct—point s Fig. 4. 


Modification for Add-Subtract Facilities 


For a counter that will both add and subtract, the fore- 
going leads to the circuit arrangement of Fig. 2. In this 
arrangement, gates A and B are placed in the triggering 
circuits between consecutive stages of the counter. Trigger 
pulses for the second stage of the counter are selected 
from either one of the anodes of the valves in the first 
stage by the gates a and B. The gates are operated differen- 
tially and only one is open at any time. The control circuit 
which determines the gate to be opened operates on the 
receipt of the add or subtract control signals associated 
with the counting pulses which are fed to the input of the 
counter. 


Practical Circuit Arrangement 


A practical circuit arrangement for a reversible binary 
counter is shown in Fig. 3. Two counter stages only are 
shown, one represented by valves V, and V,, the other 
by valves V, and V,. The interstage gating circuits are 
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provided by diodes V, and V,. Differential potentials 


applied to lines x and y determine whether the counter 
shall add or subtract. In this particular arrangement these 
biasing potentials are about either — 150V and OV. 

The biasing potentials for controlling the interstage 
gating circuits may be obtained from an electronic switch, 
e.g. a circuit similar to that employed in the counter stage 
itself. The biasing potentials are taken from the two 
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Fig. 3. Circuit of single stage add-subtract counter 
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Add-subtract switch 


Fig. 4. 


anodes of the valves forming the bistable pair. An example 
of such a switch is shown in Fig. 4. 

The switch is tripped into one of its two stable states 
by negative control pulses on leads a and B. Biasing 
potentials are supplied to the main counter stages from 
the anode of the valves V, and V, at points x and y. 
When valve V, is conducting, the potential of point y is 
about —150V and that of point x about earth. With the 
switch in this position, the counter will be in the subtract 
condition. When separate control pulses are not available, 
they must be generated from the counting pulses. It is 
necessary to introduce a small delay in the signal path to 
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the counter input. This permits the electronic switch to 
operate and set the counter in the appropriate state before 
counting pulses reach the input of the counter. 

The design of the add-subtract switch requires to be 
related to that of the counter stage. If this is not done, the 
switching of the bias potentials at the interstage gating 
circuits may cause spurious trigger pulses to appear at 
succeediag counter stages. To overcome this, the counter 
stages are made to operate only on trigger pulses which 
have a rise time smaller than the switching time of the 
biasing potentials. 

In the particular arrangement of Figs. 3 and 4, the 
switching time of the control circuits is about 10yusec and 
trigger pulses for operation of the counter stages need to 


Input number in binary form 
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Fig. 5. Example of digital-analogue convertor 


have a rise time of about 0-01sec and amplitude of about 
20V negative. 


Applications of the Counter 


Uses of a reversible binary counter are manifold, but 
only two will be described by way of example. 

The first illustration is the use of the counter as a 
component in a digital analogue convertor. The general 
arrangement of the system is shown in Fig. 5. It is required 
to convert to a shaft rotation information which is pre- 
sented to the convertor in the form of a binary number. 
The output shaft is driven through suitable reduction 
gearing by a bothway uniselector. The position of this 
shaft is registered as a binary number in the counter B. 
Auxiliary contacts on the uniselector generate pulses each 
time the shaft is stepped in either the forward or reverse 
direction. Pulses representing forward motion are added 
and those representing reverse motion are subtracted from 
the total in the counter. The required position of the output 
shaft in binary form is compared with the position of the 
output shaft as registered by the binary counter. The 
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difference is used to generate an error signal which con- 
trols the motion of the uniselector. The driving magnets of 
the uniselector may be energized through thyratrons which 
are controlled by two gate circuits; the gates pass trigger- 
ing pulses to the appropriate driving circuit thyratron 
when there is an error signal. 

The system is a closed loop system and hence conditions 
for stability of such systems must be satisfied. However, 
it is a sufficient, though not a necessary, condition for 
stability if the repetition rate of the trigger pulses is such 
that, after operation of the uniselector, the new error 
signal is fed to the control gates before the next trigger 
pulse appears. This limits the maximum rate of change 
of input information which the system will follow without 
large transient errors. 

The second example concerns the use of the counter as 
part of a digital data interpolator. A block schematic 





(2) 


Yns2 














Xn 


Anoi ne? x 





(b) 


Fig. 6. Reversible counter used in interpolator 


arrangement is shown in Fig. 6 (a), and the mode of 
operation will be clear by reference to Fig. 6 (b). The 
value of Yy is inserted in parallel into the counter at 
the beginning of an interpolation interval, e.g. at point Xx 
for the interval Xx to Xx + 1. Data for the calculation of 
the value AY is inserted in the interpolator at the same 
time. The output of the interpolator consists of a series 
of pulses. The repetition rate of the pulse is proportional 
to the slope of the curve. Pulses are fed to the reversible 
counter, and the total indicated by the counter is the value 
Yx + AY, ie. the value of Y corresponding to the value 
of X. At the end of the interpolation interval, the new 
value Y, ie. Yn +1, is inserted into the counter and 
interpolation proceeds as before. 
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A HARMONIC RESPONSE PLOTTER 


By Z. Czajkowski*, B.Sc. 


An instrument is described which simultaneously plots a harmonic response diagram of a servo 
system and its first derived plot. The range of the instrument is from 0:2c/s to 104c/s in 100 
steps which are marked on both diagrams. The advantage of the instrument described is that it 
is almost completely insensitive to waveform distortion which may be introduced in the servo 
system under test, so that only the fundamental of the test frequency is taken into account in the 
plot computation, The instrument contains its own generator and provision for automatic running. 


HE instrument has been built to satisfy the urgent need 

of a servo system design laboratory for an instrument 
giving a quick indication of the frequency response of a 
servo system, and also predicting its response under closed 
loop conditions. The instrument ‘coal 
can also be used for determin- 
ing the low frequency charac- 
teristics of electrical networks, 
transductors, or, in fact, of any 
device which is capable of 
accepting and producing a signal 
in the form of an electric volt- 
age. 

Though some Nyquist dia- 
gram plotters have been built’, 
the instrument described here is 
the first to provide simultan- 
eously both simple harmonic 
response and derived plots. An 
electro - mechanical analogue 
computor system is used, incor- 
porating six servo mechanisms. 


Test Frequency Generation 

The test frequency voltage 
which is applied to the system 
under test is generated by a 
magslip driven with variable 
speed by a velodyne type motor- 
generator (see magslip 3 in 
“velocity servo” (Fig. 1). This magslip has a single- 
phase stator which is supplied with constant voltage from 
a carefully stabilized generator of carrier frequency which 
is in this case 2-4kc/s. The output from the rotor, which 
is also single-phase will therefore be: 


FBR s VCr ven ec: (0 91 ag a (1) 


where wm is the radial velocity of the rotor corresponding 
to the test frequency. 


we = 2x 2400 is the radial velocity of the carrier. 


This voltage is then fed to a phase sensitive rectifier 
(P.s.R.5 on Fig. 1) and after rectification and filtering goes 
to an output d.c. amplifier and to the system under test. 
The output attenuator is used only for the initial output 
level adjustment. 

The output signal : 

Pe CBU NE: 5 iss asus bx ee (2) 


is not dependent on the test frequency and remains con- 
stant throughout the test. This output voltage from the 
instrument, which is also the input voltage to the system 








* Winston Electronics Ltd. 


MAY 1955 








The complete response plotter 


under test is marked A, on the vector diagram in Fig. 2. 


Input Circuits 

The output signal from the system under test which has 
kc now the amplitude E,, and is dis- 
placed in phase by angle a is 
accepted as an input to the in- 
strument (vector A in Fig. 2). 
After passing through a d.c. 
cathode-follower, preset atten- 
uator and a d.c. amplifier, this 
signal is used to’ modulate a 
2:4kc/s carrier. The modulator 
circuit presented a considerable 
difficulty because of the high 
degree of accuracy required for 
the d.c./a.c. amplitude conver- 
sion, and by the need of keep- 
ing the phase-angle constant 
throughout the test frequency 
range. Obviously, any phase 
difference introduced at this 
stage would be detected by the 
sensitive resolver system which 
follows. Finally, a circuit utiliz- 
ing the curvature of anode 
characteristics of two triodes in 
push-pull has been found satis- 
factory. Even so, the phase lag 
throughout this stage of the 
instrument, due to various causes, amounted to about 4° 
at 100c/s and a suitable phase-advance network has been 
incorporated to neutralize this effect. 


Angle Resolving System 
The basic principle underlying the action of resolving 
the angle and magnitude of a vector is explained in Fig. 1. 
The signal received from the network under test, after 
modulation, is of the form: 

E, sin (wmt + a) BP ihe a Phase toe (3) 
this voltage is then applied to the rotor of a magslip which 
is being driven by the same motor as the generator 
magslip 3 and is therefore rotating with velocity wm. The 
stator of this magslip is joined by a three-phase connexion 
to that of another stationary magslip (in “a servo”, 
Fig. 1). The winding X of this magslip forms an angle # 
with a datum line. Hence the voltage X will be: 

X = Ep sin (wmt + a) sin wet COS (wmt + re (4) 

6X = FE, [sin Qomt+a—)+sin (a—@] sin wet.. (5) 
Hence it can be seen that, neglecting the carrier, the voltage 
will consist of a component of twice the test frequency 
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Fig. 2. Locus of the output vector 
. — 


A, = input signal vector, A = output vector B A, A 


plus a constant, which will, however, disappear if: 


sin (a — ) = 7) | Oe Ren eee OIL (6) 
Le: : 
GHD wvccrecsesscreresvcems (7) 

A servo which seeks a null position of this winding will 
therefore set the magslip shaft exactly at an angle corre- 
sponding to phase shift a. A turntable with the plot is 
coupled to the magslip shaft. 

Assume now that the n™ harmonic of the test frequency 
of amplitude E, is present in the output of the system under 
test due to distortion. Further, assume that the phase rela- 
tion of this harmonic to the fundamental is represented by 
angle 8. The expression (3) will now become: 


[Eo sin (wmt + a) + En sin (nwmt + B)] sin wet .... (8) 
After this signal has been resolved in the magslip system 
as before, the voltage from winding X will be: 

X = [Eo sin (wmt + a) cOS (wmt+ 9) + En sin (nwmt + B) 
608 (wal + ¢)] . SiMwel .............. (9) 
X= 4{E, sin (2umf + a + 9) + Ev sin(a — >) + 
Ea sin [(n + lomt + 8 +9] + En sin[(n — 1) wmt + 8-9] } 
SLATER Sn Re OES, ene ioe SH REESE Rn ETT (10) 
By inspection, it can be seen that the only d.c. com- 
ponent (after removal of the carrier sin wf) is the term 


(E./2) sin (a—@). Therefore, the presence of harmonics in 
the waveform will not affect the computed angle ¢. 


Nulling Servo 

The servo-mechanism used in the magslip resolver which 
was mentioned before represents rather a special problem. 
The nulling signal after rectification is of the form: 


VW == $2, sin (a ~— @) .0 visceecess (11) 


First, it may be noticed that the amplitude of the signal 
to be resolved is variable over a range which in this instru- 
ment is 1:100. If a servo loop of constant gain were used, 
it would result in both low angular resolution for small 
values of K, and servo instability because of too high gain 
for large values of K. To prevent this, a variable gain 
amplifier (see Fig. 1) was inserted into the loop. The 


servo A. This voltage is negative and proportional to 
the magnitude of vector A, i.e. to Eo . 

The variable gain amplifier itself consists of two stages 
(see Fig. 3), the first of them a variable-mu pentode has 
the grid bias automatically adjusted to give the desired gain. 
The second valve is a conventional voltage amplifier. 

The input resistor network is so arranged that the gain 
is the desired function of Va, i.e.: 


G = G./K ee ee ee (12) 


Another difficulty encountered in this servo system was 
due to the signal ripple of frequency 2wm. For the lowest 
test frequency of 0:2c/s the servo would show a tendency 
to follow this ripple. To prevent this, an unusually large 
velocity damping has been applied. To avoid, however, 
a very slow servo response for higher frequencies, the velo- 
city feedback is applied through an attenuator operated by 
the automatic switch coupled to the test frequency selector, 
which reduces the velocity feedback at the rate inversely 
proportional to the test frequency. 


Amplitude Servo 

The function of this servo is to plot the magnitude of 
the vector A (see Fig. 1). The required voltage is derived 
from the winding Y on the magslip resolver in the “a 
servo”. This winding is at right-angles to the winding X 
and the output voltage, corresponding to equation. (4) will 
therefore be: 


Y = Ey sin (wmf + a) SiN wef SiN (wmt + >) .... (13) 
“. ¥.=4E, [cos (a—)—cos (2umt + a + —)] SIN wel 
Be Sh gees (14) 
but from (7): a = @ 


hence: 


Y = $ E> {1 — COS (2wmt + 2a)] . sin Wel ‘46s (15) 


After removal of the carrier component sin wef in the 
phase sensitive rectifier 1 (Fig. 1) a d.c. voltage is obtained 
with superimposed ripple of twice the test frequency. A 
filter which is used to smooth this ripple has the com- 
ponents automatically selected by the main test frequency 


Fig. 3. Variable gain amplifier in a servo loop 


Signal to be resolved 


— ee ee oe oe we, 
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Voltage proportional AMPLIFIER 


to signal 















gain of this amplifier was made inversely proportional to a ms 
voltage V, derived from the feedback potentiometer of o =K 
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Fig. 4. 


selector. This voltage is fed into the “A amplitude servo” 
which is coupled by means of a lead screw to the writing 
pen above the graph paper. The motor driving amplifier 
is shown in Fig. 4. 

The first two stages form a conventional d.c. amplifier 
with pre-set control VR, used for gain adjustment. V, 


is a very simple 50c/s modulator and V, an output stage. 


which drives through a matching transformer an Evershed 
& Vignoles servo motor type FZ2/C. No velocity feedback 
is used because in view of a low inertia of moving parts 
the “self-stabilizing” characteristics of such a motor have 
been found sufficient to stabilize the system. 


Derived Plot 
Referring to Fig. 2, a graph of vector C and angle a + y 
is required, where: 
A, — is zero frequency or input voltage. 
A —the output voltage at the test frequency. 
B —is the difference between A, and A. 
—the angle contained between A and B. 
Cae e IR eo 4 y «60% 
(see Ref. 3, 4). To obtain the difference vector B, signals 
A, and A are fed to the summing amplifier (see Fig. 1). 
Both voltages are of modulated carrier form and can be 
applied to magslip 2, which is driven from the same shaft 
as magslip | and 3. 

The resultant vector A, — A is then resolved in exactly the 
same way as vector A. The derived plot turntable is driven 
through a differential gear from the harmonic response plot 
turntable so that the angle displayed is equal to the sum 
of « and y. 

To obtain the ratio cf A/B, an I-pot driven by a servo 
(“ A/B ratio servo” in Fig. 1) is used. The slider of the 
I-pot is moved to a position proportional to B and a signal 
of amplitude A is applied to it. The output, proportional 
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ie 


3 


Motor driving amplifier 


to A/B is then used to position the pen on the derived plot 
turntable. , 


Control Circuit 

The automatic action of the instrument is governed by 
the control circuit. It consists of a twenty-five position uni- 
selector operated by a thyratron circuit and a four-position 
range-selecting switch. The functions of this unit are: — 


(1) To provide a voltage proportional to test frequency 
which is fed into the velodyne driving the magslip genera- 
tors. As the speed range of 500:1 is required in the 
instrument a simple two-speed gearbox is used, in which 
the gear change is achieved by the change of direction of 
rotation of the driving motor. 

(2) To provide the variable time intervals, corresponding 
to the time required to stabilize the instrument at different 
frequencies. 


Fig. 5. The two plotting tables 
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(3) To change filter constants. 


(4) To adjust velocity feedback in servo 2 and 3, as men- 
tioned before. 


(5) To provide frequency markings in the form of short 
transients introduced to the pen drivers at each fifth step. 


(6) To operate a visual frequency indicator. 


It is possible to stop both plots at any time, for instance, 











THR 
HE 


LLL 
Ks 


to see what effect the change of some constants in the 
servo under test has on the plots. 


Layout and Construction 

The instrument is housed in a double 19in rack 4ft 4in 
high. Both plotting tables, to take 30cm polar diagram 
paper, are mounted on top (Fig. 5). A pen is moved across 
the table by a lead screw. The pens are normally not in con- 
tact with the paper and are actuated only when the instru- 
ment changes to a new frequency so that the plot is 
obtained in the form of a series of dots and dashes mark- 
ing each fifth frequency step. At the back access is avail- 
able to a number of tags situated on the chassis and 
interconnecting cableforms, thus facilitating fault finding. 

All amplifiers are provided with spring-loaded switches 
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on pressing of which the input to the amplifier becomes 
connected to earth and the output to the large centre-zero 
meter on the front panel. 

Stabilized d.c. and heater supplies are available at the 
front panel of the instrument for connexion of any auxiliary 
apparatus. 


Performance 
The angular accuracy of both plots is 2°; the magnitude 


Fig. 6(a). Harmonic response 
plot (b) Derived plot 


accuracy is + 2 per cent for the harmonic response plot 
and + 3 per cent for the derived plot. 

Two specimen diagrams are shown in Fig. 6. These 
were obtained with a bridged-T filter, used as a test net- 
work. 
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An Outline of 
An Electronic Arithmetic Unit 


By W. Woods-Hill*, 


Since the first acceptance of electronic calculators into the business world, the call has been for greater 

reliability and a means of automatically checking calculations. The need is greater in electronic 

machines than in their mechanical counterpart because of the very much greater output per unit- 

time. In this article an electronic arithmetic unit is described and a method of checking calculations 
is detailed. 


Ye arithmetic unit was required which could perform 
at least the following: 

A x B + D=C and check. 
The “and check” indicates that the calculation must be 
verified and proved correct before the answer leaves the 
machine. 

The factors were to be supplied from punched holes in a 
Hollerith card in decimal form and the answer punched 
back into the same card also in decimal. 

The cards were to feed at 100 per minute (on a Type 237 
Gang Punch), and the time available for the calculation 
was the gap between cards, i.e. 90msec. 

The system of multiplication used is interesting, and for 
obvious reasons called “Doubling and Halving.” To 
multiply 7 x 3, set up the 7 and halve it consecutively, 
discarding anything less than one, 


i.e. 7 
see 3(°5 3 
- ) 
3 
aes 1(°5) 1 
1 oe . 
gees 0 


then set up the 3 beside it and double it consecutively, 
i.e. 
7 3 
3 6 (= 3 x 2) 
1 12 (= 6 x 2) 
0 24 (= 12 x 2) 

Now inspect the digits in the left-hand column, starting 
at the top, and every time the digit is an odd number, 
take the digit in the right-hand column and put it down. 
Add up this new column, 


i.e. 
Todd 3 3 
3 odd 6 6 
1 odd 12 12 
0 even 24 


21 ie. 7 x.3 = 21 
“0” is looked upon as an even number. This will work 
with any notation, including £ s. d., and is why it is used 
here. 





* The British Tabulating Machine Co. Ltd. 


Those familiar with binary code will realize that this is 
simply a way of extracting the binary terms in a decimal 
number and doing binary multiplication by column shift 
in the scale of 2. For example: 
x3 =i 

i= 111 
3 = O11 
111 
11] 
000 
10101 = 2i 
ie. 16+04+4+4+0+1=21 


The great point to be got out of all this is that to double 
or halve a number expressed in binary requires but a shift 
of one binary place. 

We have here the five components needed to make a 
multiplier (Fig. 1). 

(1) Register A holds the multiplier numbers to be 
halved. 


(2) Register B holds the multiplicand numbers to be 
doubled. 


(3) Register C receives the product numbers from B 
before they are doubled, and by means of box apDD 
accumulates them. 


The fifth component is the 0.E.D. box (odd-even 
detector), which only allows numbers to go from B to C 
when A is odd. 


SHIFTING REGISTERS 

Consider register B. Each square in Fig. 2(a) is an 
Eccles-Jordan trigger. The values allocated to these 
triggers are 8, 4, 2, 1 across the top (X axis) and units— 
hundreds—thousands—etc. up the side (Y axis). 


That means that the number 325 would be written: 


8421 
3 = 0011 
2 = 0010 
5 = 0101 


In the register it would cause the triggers marked X 
(Fig. 2(a)) to be ON and all the rest orF. (Note that the 
pattern is the same as the binary equivalent above.) 

Now register B (like A and C) is a “ shifting register.” 
That is to say, a single pulse applied to all the triggers 
together will cause the “ pattern ” representing 325 to shift 
down one place along the Y axis, so that the “5” drops 
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off the end, and the “3” and the “2” move down one 
place. 

The number noW reads 32 (Fig. 2(b)). If four con- 
nexions had been made from the bottom to the top of the 
register (one to each binary column), then the “5” would 
not have been lost but would have “fed back” and 
appeared at the top. (Fig. 2(c).) 

Thus, if the right number of pulses were applied to the 
register (in this case 10), the pattern representing 325 
would have moved right round the register, one step per 
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Fig. 1. Basis of multiplier 
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(a) (b) (c) 
Fig. 2. Shifting registers 


pulse, to come back to its starting position. The system of 
presenting numbers just described is known as “ sequential 
parallel.” 


TRANSFER 

To transfer a number from register B to register C, one 
simply needs to take four connexions across and couple 
them to C’s feedback loop. 

Pulsing both registers through one cycle (10 pulses) will 
cause the number 325 to appear in register C while still 
retaining it unchanged in B. 

This is, of course, due to C being unable to distinguish 
between a stimulation from another register and its own 
feedback loop. 

If the registers are cycled again, nothing further will 
occur and 325 will simply circulate round both registers. 

If it is required to repeatedly add 325 to C from B so 
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that after each cycle it reads: 


325 
650 (+325) 
975 (+325) 
etc. 


then an ADDER must be inserted into the transfer con- 
nexions. This is the fourth component in Fig. 1, and will 
be described later. 

O.E.D. 

Component five, the 0.£.D. (odd-even detector), is a very 
simple device doing just what its name implies, and con- 
sists of nothing more than a trigger connected by a gate 
(G) (Fig. 2(c)) to the lowest binary-decimal position of 
the register A in such a way that if the “1” trigger of 
the “units” denomination is “on” the 0.E.D. will also 
come on. This will only occur, of course, if gate G is 
momentarily opened. 

It can be shown that if ever this “1” trigger is ON 
when a number is resting in its “ at home” position, then 


A 8 
A Cc 


Carry 
Corry 


Sum Sum 
(a) (d) (c) 


Fig. 3. A half adder, two half adders and an adder 


that whole number is odd. Example: 


8 


binary 1000 = even 


Y 
5 = binary 0101 = odd. 

Therefore opening gate G at the correct time will cause 
the 0.E.D. to “ remember ” if the number was odd or even. 
The voltage from this 0.E.D. trigger is used to prevent, or 
allow, transfer (from B to C, Fig. 1). 


COMPONENT 4: THE FULL ADDER 

The full adder is built up of a series of adders which in 
turn consist of two 4 adders. This adder (Fig. 3(a)) must 
be capable of doing the following binary addition: 


A B SUM CARRY 
Binary 0 + 0 = 0 0 
5 1+02= 1 —> 0 
99 1 ee ae eae —— a —> 0 
PE ee) ey | Se aa | 


and can handle two inputs A and B. If a third input is to 
be handled (incident carry) then two 4 adders in cascade 
can be used connected as shown (Fig. 3(b)). This will 
handle: 


A B C SUM _ CARRY 
0+0+02=0 —+ 0 
UR iv | cs ae) ea —> 0 
1+0+1=0 —> 1 
O0o+1+1=0 >1 
1 + b.4+.)b.=1 —> | 


or any permutation of A, B and C to give these answers. 
An adder (2 x 4 adder) is abbreviated to Fig. 3(c) for 
simplicity. 
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If it is wished to add two numbers from register B 
and C and put the resultant back into C, then it will be 
necessary to handle four pairs of binary inputs, four 
outputs (sums) and a grand carry. 

How this is done is shown in Fig. 4. c.m. is the Carry 
Memory Trigger needed to store a grand carry. A grand 
carry, of course, is a carry between vertical-denominations 
requiring a digit time delay, as against a horizontal binary 
carry requiring no delay. 

The four adders receive the four possible pairs of inputs 
simultaneously, sums them, and sets a carry if the sum 
exceeds 16. 

The device, as it is, would be excellent to handle 
numbers in the scale of 16 but quite useless for the scale 
of 10, the main trouble being that the carry occurs at 16 
instead of 10. This can be solved by building a “10 or 


Input from registers 
[eK 
ites 


























‘10 of more 
detector 
Not used 
{2 —()- 
\4 
Fillers 8 4 : 
Not used 





Output to register C’ 
Fig. 4. A full adder 


more” detector which would stimulate a false carry as 
soon as a sum greater than 10 was produced by the inci- 
dent digits. This is quite simple, and consists of a 4 adder 
connected to the sum line value 8, 4 and 2 (Fig. 4), so 
that if the sum contains an 8 and a 2, or an 8 and a 4, 
or an 8 and a 4 and a 2 (these are the only combinations 
which can exceed 10), then the carry bussbar (Fig. 4) is 
stimulated. 

This solves the carry problem and will cause a “1” to 
be put in the next denomination higher (later), but this 
denomination now has a value of 10 by stipulation 
and the carry was stimulated by any number between 
10 and 16. 

If it can be arranged to “ pay back 6” into the present 
denomination at the same time as storing a carry for the 
next, then the conditions will have been fulfilled and a 
carry will indeed be worth 10. 

This is done by inserting a further bank of adders in 
the SUM lines 2s, 4s, 8s, (Fig. 4) and causing the carry 
bussbar to stimulate a 2 and a 4 filler input to these every 
time it is energized. This causes 6 to be added to whatever 
the sum lines were showing. 

For example, 5 + 8 = 13, “ Greater than 10 detector ” 
stimulates carry bussbar, carry bussbar sets carry memory 
and causes 4 and 2 (6) to be added to the sum lines via 
a second bank of adders, ic. 13+6=19. 19 in the scale 
of 16 is 3 and a carry: this second carry is lost (not 
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Fig. 5. A doubler 


connected). Net result: 5 + 8 = 3-+1 carried. 

All this may sound rather laborious, but due to the 
d.c. nature of the 4 adders all is over in less than } a pulse 
time. It should be noted that some of the adders in the 
second bank are only receiving two inputs and are there- 
fore only 4 adders. The largest incident digits to this full 
adder would be 9 + 9 = 18. 


DOUBLER 

As previously mentioned, to double a number expressed 
in binary one needs but to shift one place to the left; ie. 
binary 0011 = 3, shift one left: binary 0110 = 6. There- 
fore, if in register B the feedback loops were misconnected 
so that the | fed back to the 2, the 2 to the 4, the 4 to the 
8, the 8 to a carry memory, then the number would be 
doubled simply by applying 10 pulses to cycle it. Unfor- 
tunately, the carry is in the scale of 16 and all the remarks 
about numbers exceeding 10 applicable to the full adder 
apply here and the same circuits must be used, but this 
time in the feedback loop. Fortunately, the bulk of the 
circuits (the first bank of adders) can be left out because 
there is only one set of incident digits, not two. 

Fig. 5 shows the same sort of circuits as the full adder 
with the first bank missing and the input wires crossed to 
the left to produce doubling. 

The largest incident digit to be doubled would be 
9x2 =. BB. 


HALVER 
To halve, simply cross the connexions to the right 


Fig. 6. A halver 
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(Fig. 6). There is no need for rationalizing circuits because 
no number halved can exceed 9. 

One bank of adders is required, however, because 
halving an odd number (this means any individual 
denomination, not the whole number) necessitates the 
adding of 5 into the denomination below. Example: 





50 
3 = © 
in binary/ten. 
Second Denom. 0101 = |5| | 0010 = |2| | 
| +25 Pte 
First Denom. 000 = | o| 0101 = | |5| 


This infers a carry of 5 downwards every time a binary 
digit is detected in the 1s column of the second denomi- 
nation. As shown in Fig. 6, this is achieved by tying a 
detector to this digit which, when 
energized, causes 4 and 1 to be 
added via the adders to the 
denomination being fed back, after 
it was halved, ie. beyond 
the point where the connexions 


‘CTOSS. Filler 
(+5) 


MULTIPLICATION A x B 

At this point we can elaborate on 
Fig. 1 and follow the sequence of 
events when multiplying 9 x 4 = 
36. In Fig. 7, the 9 is standing in 
the multiplier register A, 4 in the 
multiplicand B, and the product 
register C is empty. By momen- 
tarily opening G,, the 0.E.D. can 
be set or unset before each cycle. 
All registers are pulsed together 
10 times each cycle. Before 
the start of each cycle the 
registers will look like this: 


REGISTER A B C 

Cycle 1 9 4 0 odd transfer 

Ss 2 4 8 4 even 

3 2 16 4 even 
4 l 32 4 odd transfer 

5 0 64 36 even 

6 O 128 36 even 

ete: . ete; ete. etc. etc. 


The following is the state of the binary patterns at the 
end of each cycle, showing in more detail what happens 
-during each cycle. 

A B Cc 
I (9) 1001 (4) 0100 (0) 0000 
Test A for odd-even by gate G,. Odd, so 0.E.D. 
sets and opens gate G. (B to C): cycle once. 


A B Cc 
2 (4) 0100 (8) 1000 (4) 0100 
Test A. Even, so 0.E.D. unsets. Gate G, closed: 
cycle once. 
A B c 
3 { (1) 0001 
(16) 
(2) 0010 | (6) 0110 (4) 0100 
Test A: even. 0.E.D. stays unset. G, closed: cycle 


once. 
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A B Cc 
4 (3) 0011 
(32) 
(1) 001 (2) 0010 (4) 0100 
Test A: odd. 0.E.D. set. G, opens: cycle once. 
A B Cc 
5 { 0110 | (3) 0011 
(64) (36) 
(0) 0000 \ (4) 0100 | (6) 0110 


Test A: even. 0.E.D. unset. G, closed. 
(The numbers in parentheses are the decimal equivalent 
of the binary numbers.) 
Any further cycling of the machine after A has reached 


zero cannot affect C as G, never opens again. 
It is obvious from the above that the length of time 





Fig. 7. An arithmetic unit 


taken to multiply a number will be governed by the size 
of the multiplier (A) and quite independent of the multi- 
plicand (B). As a matter of interest, the number of cycles 
required to ensure that a 10-digit number reading all 9’s 
is “ halved” below “1” is 36. The length of time it will 
take, therefore, to multiply 10 digits by 10 digits to give 
a 20 decimal digit answer is 18msec with a pulse repetition 
rate of 20kc/s. These 20 digits exceed the capacity of the 
counter C described, and is of academic interest only. 


Circuits 
The three basic circuits used are: 
(1) The Shifting Register’, 
(2) The Gate, and 
(3) The Half Adder. 


(1) SHIFTING REGISTER 

Fig. 8 shows two stages of a shifting register V, and V,. 
MR, and MR, are two diode gates connected to the left-hand 
and right-hand anodes of trigger V,. If V, is ‘on,’ then 
gate MR, is primed; if V, is ‘off,’ gate MR, is primed. MR, 
is connected to the input of V. trigger so that a pulse 
through it will set V., and MR, will unset V,. Pulsing the 
common pulse line p will therefore cause V, to assume 
whatever state V, might be. V, itself will influence V;, 
and V, will influence V,, and so on. 

Thus any trigger will be made to assume the state of 
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Fig. 8. A shifting register 


its predecessor. The fact that any stage may be changing 
while influencing the next is taken care of by the relatively 
long time-constant made by R,C,, R,C., “ remembering ” 
what state the trigger was in for the duration of the action 
pulse (Sysec). 


(2) GATE 

Fig. 9 shows a pentode gate connected to a trigger. 
The grid voltage of a trigger varies between + 2 — 30V, 
depending upon whether it is ‘on’ or ‘ off’ respectively. 

The anode voltage of the pentode will not vary, what- 
ever state the grid is in, as long as —30V is maintained on 
the suppressor. Bringing the suppressor up to earth will 
allow electrons to reach the anode and an amplified 
inverted version of the grid condition will appear thus, 
ie: 


Grid Anode (supp. + 2) Anode (supp. — 30) 
Voltage Voltage Voltage 

+2 | + 530 | + 160 

-30 f +160 f +160 


One trigger connected to the suppressors of four 
pentodes can therefore control the four output lines of 
a register. 


(3) HALF ADDER 

A digit in this machine is a fall in voltage from + 160 
to +50V (negative going 110V swing). Because these 
+ adders are to be connected in chains, their outputs must 
be of the same polarity and swing as their input require- 
ments. 

How this is done is shown in Fig. 10. 

With no incident digit (i.e. A and B at +160V), both 


Fig. 9. A gate 
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halves of V, are conducting heavily because both grids 
are trying to go positive. Both anode voltages are there- 
fore low, and when this condition is transmitted to V;, an 
invertor, via R,R, and R,R,, results in V,’s grids being 
negative. Both invertor anodes are therefore cut off and 
at a high voltage (= 0), i.e. 

A B SUM 

0+ 0v0e2= 0 350 

With one incident digit A = +50V, B = +160V; the 
grid of V,a is cut off, because it is near the negative end 
of the voltage divider, but V,. is still positive and its 
anode therefore still low. This one anode low and one 
high condition of V, is interpreted at the invertor V, 
anodes as a low “sum” +50 and a high “carry” + 160, 
ie1+0=1 +0. 

With two incident digits (A and B = +50 V), both 
grids of V, are cut off and both its anodes should be 
high, but V., anode is also coupled to V,» anode, and 
because V, under these conditions is conducting, this latter 
anode will remain low and clamp V,». This condition is 
interpreted by the invertor as “sum” high +160 and 
“carry” low +50,ie.1 + 1=0—>1. 


CARRY 


Sum 


a 


Carry 












































} 4 


Fig. 10. A half adder 





Why V. should choose to clamp V,, anode under 
these conditions is because its grid (V.) has been con- 
nected by a voltage divider chain R;R, to V,a anode, 
which until this moment has always been low, maintaining 
the grid of V. below cut-off. 

The interesting thing about these adders is that they 
are entirely d.c. connected, so that statically inserting 
dummy digits at the input of the full adder (causing the 
voltage to fall from +160 to +50V) one can inspect the 
output by means of neons connected for the purpose; 
this enables a check to be done with the machine at rest 
and see that the adder is doing its sums correctly. 


(4) + D REGISTER 

If a further register D (shown dotted Fig. 7) is added 
and connected by gates (G.) under separate control to the 
input of the full adder, then when multiplication is finished 
the contents of D can be “rolled” on top of the product 
standing in C by simply opening G, and cycling once. 

D can be subtracted from C by setting D up in comple- 
ment and doing as above. 


“AND CHECK ” 
The system of checking to be described is applicable 
to any arithmetic unit capable of multiplication, and will 
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be described in general terms without reference to this 
sequential parallel machine. 

Basically it involves doing the multiplication twice and 
comparing the two results to see if they agree. This in 
itself is of no great value because a fault (such as an open- 
circuit heater) will produce the same wrong answer both 
times and agree. 

On the other hand, if the factors to be multiplied are 
altered in some way the second time, some way which 
will produce the same product and yet cause the machine 
to go through a ditferent routine to get there, then a fault 
such as mentioned will produce a wrong answer both 
times, but the wrong answer the second time will, not be 
the same as the first and will therefore not agree. 

One system proposed used. “factor reversal,” i.e. 
exchange the number in the multiplier for that of the 
multiplicand. This falls down if the two factors happened 
to be the same, say 4444 x 4444, and anyway cannot be 
used if the scales of notation are different, 33:7 x £9 19 11. 
Some systems do not deal with the arithmetic of the 
machine, but concentrate on checking the digits in the 
counters: even or odd summing of the digits within 
counters; biquinary (always two elements must be in use); 
automatic periodic zero test; pilot multiplication. This last 
is really a periodic arithmetic check. 

All these give some measure of safeguard, but very few, 
if any, are capable of checking to see if the answer is right 
after it has been punched out. 

Stress is laid on this because one of the major sources 
of non-repetitive faults can be traced to the coupling of 
the electronic portion to the output organ. 

The mysterious quality of some of these faults can 
be readily understood when the relative speeds of the 
two machines are compared — electronic equipment and 
mechanical card feed. 

The electronics might repeat a duty cycle 1000 times 
in one second, so that a marginal fault will reappear quite 
quickly. 

A mechanical device will take many minutes, if not hours, 
to do 1000 passages; and if, as is quite often the case, 
a combination set of circumstances is required between 
electronic and mechanical to produce the fault, it may 
come once and never return. Further, a one-thousandth of 
an inch unexpected movement on a cam may equal 5 or 
more complete pulse times of the electronics, and thereby 
make the same fault produce different evidence each time. 

To try to take care of all these factors, the following 
system was developed. 

The factors are read from the card twice: once as the 
card enters the machine and once as it leaves. Two com- 
pletely separate sensing mechanisms (brushes) and paths 
are provided to the electronic portion. The first time, the 
arithmetic operation is done quite normally, and the 
answer punched out in the card, and not retained. As the 
card leaves the machine, it is sensed once again and the 
factors are read back again to the electronic portion along 
with the answer just punched. 

The arithmetic operation is checked by doing the multi- 
plication again, but this time the multiplier factor is 
increased by a factor of 10 (col. shift up once) and the 
multiplicand decreased by a factor of 10 (col. shift down) 
to compensate, and in that way give the same correct 
answer as the first time. This infers a means of dividing 
by 10 if the multiplicand factor is expressed in a non- 
decimal scale, i.e. £ s. d., T. Cwt. Qrts. 
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The first answer just picked up off the card is now 
compared with this new answer (by rolling in complement 
and adding “ one”), and if they agree the card is allowed 
to drop into the hopper. 

The following example will help to illustrate how the 
machine handles this check. 

Take the case previously mentioned of 4444 x 4444. 
This now looks like this: 44440 x 0444°4, and gives the 
same correct answer. 

Suppose it had a fault in counter three and read in like 
this : 


Y 
First Multiplication: A 04444 x 4344:0 = 19304736 


























Second Multiplication: B 44440 x 0344-4 = 15205136 
BS gla 
INPUT 
| 
ARITHMETIC 
Ax8 
SECOND f laze, 
TIME || TIME 
| 
OUTPUT 
eC: 
REAR PUNCH 
/ 43 BRUSH 
CARD CARD CARD 
NNN AES OEE TO 


() 


Fig. 11. 


OF 


A print unit (4x B=C and check) 


CARD MOVEMENT 


Por Pin ecu 





Line A does not give the same answer as line B and 
would not check even though the fault is consistent. 

Supposing the fault was more subtle, and consisted of a 
faulty transfer during multiplication on one cycle only, 
or where there was a special combination of numbers in 
the multiplicand, or both. 

The multiplier is repeatedly halved, and would halve 
(on the second run) quite differently than it did the first. 
It would require more cycles (it is now a 5-digit number) 
and the transfers will occur on different cycles; further, 
the multiplicand doubling up is doubling from different 
counters, which in all leaves very little chance for compen- 
sating errors. 

Finally, when £ s. d. are used, because a tenth of, say, 
£1 11s. 1d. is 3s. 1°3d., the number in the multiplicand 
counter bears no resemblance to the one used in the first 
multiplication. 

The same principles could be applied to a print unit 
by signalling back from the type bars. 

The block schematic of such a machine is shown in 
Fig. 11. 
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The Display of Transformer Magnetizing Ampere-Turns 
on a Cathode-Ray Oscilloscope 


By M. E. Bond* 


If in a transformer the current is not sinusoidal, or if the working conditions are altered by dis- 

connecting the associated circuits, then the normal method of finding the magnetizing ampere-turns 

is not satisfactory. In this method, small resistors proportional to the number of turns are placed 

in series with each winding. The resultant voltages are then correctly mixed and displayed on a 

cathode-ray oscillograph. The application of this method to the line output transformer of a tele- 
vision receiver is described. 


- is often desired to measure the operating conditions of 
a transformer core. To achieve this it is necessary to 
measure the magnetizing ampere-turns, various physical 
constants, and have a knowledge of the BH curve of the 
material concerned. When the magnetization is sinusoidal, 
the magnetizing ampere-turns are normally found by 
direct measurement of the no-load current through the 
transformer. If, due to overloading or a non-sinusoidal 
applied voltage, the current is not sinusoidal, or if the 
current under working conditions has a waveform different 
from that of the no-load condition, then it is necessary 
to measure the magnetizing ampere-turns by taking the 
difference of the instantaneous ampere-turns in each 
winding at many points during the cycle and reconsti- 
tuting graphically the magnetizing ampere-turns cycle. 
This involves the measurement of the separate current 
waveforms in each winding and accurately determining 
their relative time relationship. The resultant magnetizing 
ampere-turns can then be calculated and plotted. An 
easier method is to arrange for the direct display of the 
magnetizing ampere-turns on a cathode-ray oscillograph. 

Consider a transformer with several secondary windings. 
The instantaneous primary current is i, and the instan- 
taneous currents in the other windings are i,, i,, etc., 
respectively. The number of turns on each winding is 
N,, N., Nz, and so on. 


Then the magnetizing ampere-turns 
oP Paces (PTS pai [* JR Sama rea (1) 


If a small series resistor is placed in each circuit, then 
the voltage across these resistors will depend on the value 
of the resistance and the current flowing. The resistors in 
each circuit are chosen so that the resistance is propor- 
tional to the number of turns, thus (see Fig. 1): 


N, = KR, N, ~ ER, N. RM, ) ite. 
The voltage developed across each resistor will then 
depend on the current flowing and the constant K, 


or iN = vK where K is expressed in turns per ohm. So 
that the equation (1) can now be rewritten: 


Magnetizing ampere-turns = (v, — v, — v,—....)K 
Thus if these four voltages can be mixed, the resultant, 
when multiplied by K, will equal the magnetizing ampere- 
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turns. It is essential for this that one side of each winding 
should be earthy and that the right phasing of each voltage 
is obtained, the voltage from the primary being in opposite 
phase to those from the secondary. This can often be 
arranged by inserting the resistors where either the winding 
or its load is connected to earth. The voltages are mixed 
by applying them to a network of carefully matched 
resistors (Fig. 2). 





R2 

Ry GC 

N. 

Fig. 1. Transformer with e 2. 
series resistors R 
N, 3 

jf 

N, 

Fig. 2. Mixing circuit 








Fig. 3. Circuit seen by 
each input Input 


|> 


Output 


? 





If these resistors R are very much larger than R,. R., 
R;, etc., then for each input the circuit approximates to 
Fig. 3. 

Thus the voltage fed to the oscilloscope = V/n where n is 
the number of windings and V = (V, — V, —V,—...). 

Hence the magnetizing ampere-turns = Vnk where rn 
and K are known and V can be measured on the oscillo- 
scope tube face. 

Where direct instead of a.c. coupling to the oscilloscope 
is possible, the input to the oscilloscope can be shorted 
intermittently to show zero level as a horizontal line on 
the tube face. 
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Fig. 4. Basic circuit of television receiver line output stage 


This method has been used to find the operating condi- 
tions of the ferroxcube core of the line output transformer 
of a television receiver. 

Basically the circuit is as shown in Fig. 4. 

The waveform applied to the control grid of valve V, 
switches this valve on or off. When the valve is switched 
on, a current flows through it and the transformer so that 
a potential difference exists across the transformer. The 
tap (3) does not fall below the h.t. line potential, and a 
reasonably steady voltage exists across the transformer 
during this period. This causes an exponentially increasing 
current to flow through the deflector coils. 

When V, is made non-conducting, the current then 
flowing in the circuit charges C, the self-capacitance, to 
a very high voltage opposite in direction to the original 
voltage across the transformer, raising point (4) to a very 
high positive potential. The current through the deflector 
coils changes direction very rapidly. 

Cs; now starts to discharge in an oscillatory manner 
through the transformer. The potential at (4) drops 
rapidly until (3) is negative relative to the h.t. line. Valve 
V, then conducts and clamps (3) at the h.t. voltage, caus- 
ing point (1) to rise to a voltage higher than that of the 
h.t. line. C, is thereby charged. When the charge from C; 
has been transferred to C,, V, is again switched on and 
maintains the voltage gradient across the transformer. 
The current through the deflector coils increases exponen- 
tially from its negative peak at the end of the flyback to 
provide the receiver line scan. The whole process is 
repeated at a frequency of the order of 10kc/s. 

This has only described the basic principles of the 
circuit. In practice the circuit would be modified, for 
instance, to provide a linear and not an exponential 
scanning current. It has shown that no part of the circuit 
can be disconnected without materially affecting its work- 


Fig. 5. Circuit adapted for measuring magnetizing ampere-turns 
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ing. Measurement of the core working conditions cannot 
therefore be made in the normal way. 

From the winding data it is found that section (1) to 
(2), (N,), of the transformer has 180 turns, section (1) 
to (3), (N.), has 470 turns, and section (1) to (4), (N3), 
has 720 turns. It has also been found by experiment that 
the maximum resistance that can be added to the deflector 
coil circuit without appreciably altering its working is of 
the order of 30. Another difficulty is that V, anode 
current waveform is not readily available. This can, how- 
ever, be obtained by subtracting the screen waveform 
from the cathode waveform in the same manner as the 
transformer magnetizing ampere-turn waveforms would 
be subtracted. 

If N, = 180t and a resistor of 3°06Q is inserted in this 
circuit, then K = 59:2 turns per ohm 


so that R, = N./K = 7:940 
and R, = N,/K = 12-850. 
These are connected in the circuit as shown (Fig. 5). 


The mixing resistors are 10kQ because this value is of 
the order of 1000 times R,, R, and R,, but is not high 
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Fig. 6. Magnetizing ampere-turns of line output transformer 


enough with the stray capacitances to limit the upper 
frequency response of the oscilloscope input circuit. 
Capacitors C., C, and C, are included to isolate the 
oscilloscope from the direct h.t. and boosted h.t. voltages. 

The sensitivity of the oscilloscope reckoned in r.m.s. 
sine wave values is 0°:1V/cm. Thus the scale for magnetiz- 
ing ampere-turns is: 

O11 x 2\/2 x 4 x 59:2 = 67 ampere-turns/cm. 

The oscilloscope time-base is synchronized with the 
television line scan waveform. A drawing of the results is 
shown (Fig. 6), and from this the operating conditions of 
the ferroxcube core can easily be determined. In this case 
much tedious work is saved by using this method, as the 
accurate relative time location of the several peaks in the 
waveforms and their subsequent subtraction would be very 
difficult. 
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The Tapped Bridged-T Rejector 


By D. J. S. Westwood*, B.Sc. 


Two forms of tapped bridged-T rejectors are developed. The balance equations are determined 
in each case and approximations applied to reduce the solutions for practical use. By differentiation 
of certain equations the maximum values of the balancing resistors are established. 


i television receiver practice the tapped tuned circuit 
rejector shown in Fig. 1(a) is often used in series with 
coupling elements in i.f. or r.f. amplifiers to obtain rejection 
of the sound or adjacent sound channel. The symmetrical 
bridged-T rejector shown in Fig. 1(b) is also occasionally 
used. The inherent resistances of the coils in Fig. 1 are 
omitted for simplicity in the diagrams. It is sometimes 
desirable to combine the features of these circuits to obtain 
a rejector which gives a very large attenuation at the rejec- 
tion frequency, but does not appreciably affect the passband 
of the coupling into which it is inserted. The form of this 


Po it 


6 tepeicn 
iret 


c— ——O o > 
(9) (b) 
Tapped rejector (b). Symmetrical bridged-T 








ae 





Fig. 1a). 











Fig. 2. Tapped bridged-T rejectors 


circuit is shown in Fig. 2(a) and an alternative in Fig. 2(b) 
with the bridging resistor tapped into the inductive arm. 
The conditions for infinite attenuation will be established in 
both cases and approximations given which yield simple 
formule for practical use. 


The method employed is to change the network into the 
form of Fig. 3 and, ignoring the impedances Z,, Z., apply 
the stated conditions to the parallel arms. Fig. 4 is the 
circuit of Fig. 2(a) with the coil given an equivalent circuit 
and the inherent resistances added. Then the impedance of 
the upper arm is: 


Ra + jX, = R, + jo(L, + M)........ (1) 
The T to z transformation is applied to the lower arm and 
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yields : 
1 I,+M 
w°C,C,R, CIR; 
j [w (ZL, + M) — 1/0C, — 1/wC,] 
Applying the conditions stated in Fig. 3, equating real and 
imaginary parts: 





Rs + jXs = R, — 


i 1 L,+M 
i it Oe al 
les aA wax: Er, “i 
w(L, + Ly + 2M) = 1/C, + 1/C, + Rs/CR: .... @ 


R, + R, may be replaced by wL,/Q, where Q is the Q- 
factor of the whole coil and, since L, + L, + 2M=L,: 


1 L,+M 
a t ee ey!) ee | h6 € 8\.0. 80 5 
R, Qol (oe = ) (9) 
ie, eA, +A, + BICR. 65 ks5 (6) 








Fig. 3. Equivalent circuit and infinite attenuation conditions 


R3 £3+M -M . 
p bw 
Cc 3 R, L4+M 


wr 





Fig. 4. Equivalent circuit of Fig. 2(a) 


These equations give the required conditions and may be 
simplified by certain approximations. In practice R, can be 
small compared to R,, so that the last term in equation (6) 
may be neglected. If close coupling is assumed between the 
two coil sections and if n, is the turns ratio of L, to L,: 


ies eM 2 cribs (7) 
l+n, 
Let the total series tuning capacitance be C;, where 
Uf OMe UL CFR Sy | | Orem Taran (8) 
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Equation (6) reduces to: 





ee ae Bis 2, ialsleis shai ooo ee (9) 
Then equation (5) may be written: 
R = = aad 8 eee 
= Gin, (; ne Ic, (10) 


Thus for given values of Q, L,, n,, C,, equations (8), (9) 
and (10) enable R,, Cs and C, to be calculated. The maxi- 
mum permissible value of R, may be found by differentiat- 
ing equation (10). 


daR,|dC, = Qiwe,*(20.1C, aes u +) aa 
1+, 


” One| CF (EE Se 1) en rrr (11) 
giving: 
R, = ou pA heen (12) 
Putting n, = 0 the symmetrical case is obtained 
hy. a Ms 65 (13) 
i Ec arekidaok sie nace (14) 


The alternative circuit of Fig. 2(b) is developed in Fig. 5 











Fig. 5. Equivalent circuit of Fig. 2(b) 


and may be treated in a similar manner. The top arm has 
the impedance : 


| NEE Gene | |, OF nr eo a ae (15) 
Applying the T to = transformation to the lower arm: 
Re+jXe = R,+jo(L,+M)+Re+jw(L.+M) — j/oC, 
4 ERs tio (Ls +M)) [Re + jo Le + M) — j/0Cid 


R, — jwM 
Using the conditions in Fig. (3), equating real and 
imaginary parts: 
RAR;+R,)=oM[1/wC, +1/0C,—o(L, +L, +2M)) 
+ w*(L; + M) 

(L, + M) —1/C, (L; + M) —R;R, ...... (17) 

R,[1/wC, + 1/wC,—o(L,+L,+2M)]+oM(R,+R,) 
= R,[w(L, +M) — 1/wC,J+oR,(L; + M) .... (18) 
It is appropriate to introduce approximations at this stage 
to reduce the complexity of the equations. Assuming, as 
before, that the coil has closely coupled sections with a turns 


ratio n, between L, and L,, that Q is the Q-factor of the 
whole coil and effective resistance is proportional to turns: 


.. (16) 


nL, 
-- Pee ean a sidan 19 
- (1+ Mn:) ad 
L,+M= Ly SiS ee (20) 
l+n, 
ari... Media aint (21) 
l+n, 
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ee | a (23) 
fo ne aa) ot ra (23) 
L 
pee «- 
Q(1 + n,) (24) 
Lite 
|. ee 
OU +n.) (25) 
Equation (17) becomes: 
ae 
Ri exisinrales lw . wolsn, Qdl+n,) 
(1 + ra es ee QO wl 
(26) 
Equation (18) becomes: 
oL, 1 + Nn, 
1/wC;,;+1/0C, —oL, = = vase oL.n, — —— 
ae it an” = ) 
(27) 
Substitution from (27) in (26) for R. gives: 
Qn./C,° + Qn,/C,C, ia Q/C;C, Qg/C, 
= w* (Qn.L./C, + L.n./QC, — QL./C,—L./QC,) .. (28) 


Neglecting L,n,/QC, compared to Qn.L./C, and L,/QC, 
compared to QOL,/C, 


‘ C,+C, 
w'L, = GC, err eer (29) 
Let the total tuning capacitance be Cr where: 
Migs Wey A PG oii cee ce be (30) 
Then: 
ys Of Cy ae (31) 
From (26) putting wl, = 1/wCr: 

R, = a CJC, ~ 1/wC, — n./wCrQ’) .. (32) 
Neglecting ny | wCrQ" compared to I/wC, and using 
equation (30): 

Q (1 + nm, — C,/Cr) .... (33) 


R, = + = 

~  wC,(1 +n.) 

Equations (30), (31) and (33) enable C,, L, and R, to be 
found for given values of QO, Cr, C, and n,. The maximum 


permissible value of R, is found by differentiation of equa- 
tion (33): ; 


dR,/dn, = eae ai", ny +n,—C,/Cr) = 90 
. (33) 

Then: 
[ee bl SS ea a re (34) 

Q 
cre See (35) 
The symmetrical case is given when n, = |. 

Then: 
7 SO FCs rine cans cs owe (36) 
C; = co: Ghort-crrcuit). 2... .668.. (37) 


Adjustment of these circuits may be made by varying one 
of the capacitors or by means of an iron dust core in the 
coil. In the latter case the coil tap may be moved slightly 
or the bridge resistor adjusted to allow for the unbalance 
introduced by the presence of the core. 
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A Simple Quartz Crystal Oscillator driven 
by a Junction Transistor 


By H. G. Bassett*, B.Sc.(Eng.), A.M.LE.E. 


The oscillator uses a junction transistor with grounded-base, together with a quartz crystal operat- 


ing in its series mode. 


to about 300kc/s and power outputs up to 10mW or so. 


Using present-day transistors the circuit can operate at frequencies up 


An experimental oscillator operates 


from a 6V supply and delivers TmW at 245-9kc/s. 


IMPLE quartz crystal oscillators employing thermionic 

valves make use of the parallel resonance of the crystal 
because of the high input impedance of the thermionic 
pentode when used with grounded cathode. In the design 
of simple transistor oscillators, however, the low impedance 
of the emitter circuit of the transistor makes the use of the 
series resonance of the quartz crystal much more attractive. 
The oscillator described accordingly uses a series resonant 
quartz crystal and a grounded-base junction transistor; the 
simplicity, low power consumption and good frequency 
stability of the oscillator make it attractive where the power 
output is not required to be more than a few milliwatts 
and where the frequency is not higher than about 300kc/s 
(for currently available transistors). High-frequency junc- 
tion transistors such as the thin-base unit described by 
Mueller & Pankove' and the pnip unit* will enable higher 
operating frequencies to be attained. 


ee Se 


Fig. 1. 











Basic circuit of oscillator 


Description of Circuit 

Fig. 1 shows the basic circuit arrangement; d.c. supply 
circuits are omitted for simplicity. The transistor is used 
with grounded base because it can then operate usefully 
at frequencies in the carrier telephony range; the positive 
feedback is provided from the collector to the emitter via 
a tuned transformer and: the quartz crystal which is con- 
nected in series with the emitter circuit. At the series 
resonance the impedance of the quartz crystal is low and 
the tuned transformer is so designed that at this frequency 
there is an overall current gain round the feedback loop 
when the third (output) winding of the transformer is 
closed with its designed load impedance. The d.c. supply 
circuit is arranged so that the transistor is biased to the 
centre of its linear operating regime; it stabilizes the emitter 
current of the transistor in the manner described by Shea’*. 
Fig. 2 shows the complete circuit diagram. Amplitude limit- 
ing occurs under operating conditions by collector-current 
cut-off at one end of the linear regime and by collector volt- 
age “bottoming” at the other end; in the simple oscillator 
described these limiting processes control the amplitude of 
oscillation and make it almost proportional to the supply 
voltage. Inevitably harmonic components are introduced 





* Post Office Engineering Department. 
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into the output signal, but by suitable design of the output 
transformer the harmonics are kept to an acceptably low 
level. A feature of the circuit is that the attenuation of 
harmonic frequencies around the feedback loop is large 
(more than 50dB in the experimental oscillator). The dis- 
crimination against harmonic frequencies assists frequency 
stability. 


Choice of Operating Conditions 
The choice of operating conditions for the transistor is 
not as straightforward as the choice of operating conditions 


a (iciao a 














mi ue 











L999 


= 


tput 
Fig. 2. The complete oscillator circuit 

in a thermionic valve oscillator. Thus, if the transistor is 
operated with an amplitude of voltage V and an amplitude 
of current / in its collector circuit, the power in the col- 
lector circuit, P., is V// 2. If the current gain is a and the 
input resistance (crystal + emitter circuit) is Re, the power, 
P., fed back to the input circuit must be (7/a)? Re/2. 

The external output power, Po, of the oscillator is then 
VI/2 — (A/a)? Re/2 if we neglect transformer losses. If 
we assume that the transformer ratio is suitably changed, 
the change of output power with change of V and J is given 
by: 

dP, = 0P./3V dV + @P./al dl 
=1/2 dV + (V/2 — I/o? Re) dl 


and maximum external power output is obtained from the 
oscillator when: 


(a) V is as large as possible; 
(b) V/2 = I/a* Rs. 


It follows from the second condition that J = Va?/2R., 
and hence Poimax) = V°a?/8Re. There is therefore an upper 
limit to the output power obtainable from the oscillator, 
independent of any limitation upon output imposed by 
maximum collector dissipation. 

Using present-day transistors, Poanax) is often of the same 
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order as the maximum collector dissipation. It follows from 
condition (a) that V should be as large as possible; even 
if maximum power output is not desired, the efficiency of 
the oscillator increases as V is raised. 


Performance of an Experimental Oscillator 

An experimental oscillator has been constructed which 
delivers 7mW at 245-9kc/s when powered with a 6V dry 
battery. The current consumption is 6-2mA and the tran- 
sistor operates with V = 5V,/7 = 6mA. The quartz crystal 
is a CT-cut unit, mounted in an evacuated envelope and 
having a series resonant impedance of about 2000; the 
value of R. is then about 2500. The oscillator is designed 
to operate at maximum power output in accordance with 
the foregoing analysis; it has at the time of writing com- 
pleted over 2000 hours of operation. The circuit is very 
tolerant of variations in transistor parameters; changes in 
collector impedance and collector cut-off current are- un- 


Colour Television Equipment 


Coo? television equipment has been constructed by the 
staff of the Electrical Engineering Department of the 
Bradford Technical College under the direction of the Head 
of the Department, Dr. G. N. Patchett in order to show the 
principles of colour transmission and reception to students. The 
equipment consists of a flying spot colour slide camera and a 
receiver using a rotating colour disc. 

The flying spot colour slide camera uses a special flying spot 
scanning tube 7; (see Fig. 1) which operates with a final anode 
voltage of 25kV. The tube has a green fluorescent screen with 
an extremely short afterglow, an essential property of any flying 
spot scanning tube. The raster on this tube is focused on to 
the colour slide S by a 5cm, f1-5 lens Li. The light leaving the 
colour slide is made into an approximately parallel beam by 
lens Lo, The light is now split into the three primary colours, 
red, green and blue. This is achieved by dichroic mirrors M, 
and M:. Mirror M, is made so as to pass red and green light 
but reflect blue light, this being focused, by lens L;, on to the 
cathode of the photo-multiplier cell Pi, which produces a signal 
corresponding to the blue image of the colour slide. A cor- 
recting filter F, is placed in front of the cell to correct the colour 
response. The red light passing through M, is now reflected 
from the mirror M2 through lens LZ; and filter F. on to the 
cathode of the photo-multiplier P: which produces a signal 
corresponding to the red image. The green light passes through 
mirrors M, and M.: and is focused by the lens LZ; on to the 
photo-multiplier cell P; which produces a signal corresponding 
to the green image. 

The three signals are now passed through video amplifiers 
A,, Az and A; with adjustable gains so as to adjust the contrast 
of each colour image. It is now necessary to set the black 
level of the signals which is done by the three d.c. clamping 
circuits C:, C, and C;. During both line and frame flyback 
periods the beam on the flying spot tube is suppressed and 
clamping is applied during. the line flyback periods. Adjust- 
ment of the clamping voltage controls the brightness (or d.c. 
level) of each colour on the receiving tube. A blanking signal 
is now applied to cut off any signal during the line and frame 
flyback by the blanking amplifiers B:, B, and Bs. After this 
gamma correction is applied (in Gi, G and G;) to compensate 
for the non-linearity of the receiving cathode-ray tube. The 
three signals are now fed to a commutator C driven at 1000 
rev/min by a synchronous motor M which is constructed sO as 
to feed the three signals, in order, to the receiving tube 7». 
through the video amplifier (A) and d.c. restorer (D). Attached 
to the same shaft is a disk D, which rotates in front of the 
receiving tube. The disk is divided into three sectors of 120°. 
Over the sectors are placed red, green and blue filters so 
arranged that when the green filter is in front of the cathode-ray 
tube the green photo-multiplier is connected through the com- 
mutator to the grid of the tube, and so on. In this way succes- 
sive red, green and blue images are seen by the observer, which, 
due to the persistence of vision, results in a colour picture. The 
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important and the oscillator operates satisfactorily with a 
wide range of transistors from various manufacturers. The 
oscillator functions satisfactorily up to at least 50°C; the 
change of output level with temperature is 0-02dB/°C and 
the change of frequency with temperature is almost entirely 
attributable to the quartz crystal. The frequency stability 
against 10 per cent change of supply — is 3 x 107° 
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system runs at 405 lines with 50 frames/second. Since the 
time between similar colour frames is 3/50 second flicker is 
rather bad, but, as the equipment was designed to show the 
principle only it is of little importance. It could, of course, 
be improved by raising the frame frequency but this has been 
kept at 50 frames/second so that a common pulse generator 
could be used for both the black and white camera and the 
colour equipment. 

The colour rendering of the equipment is very satisfactory 
when carefully adjusted but, like all colour systems, it is very 
critical to the correct relationship between the three primary 
colours. The definition corresponds to about 2Mc/s. _ Inter- 
esting demonstrations can be given of the effect of reducing 
the bandwidth of the various channels. Considerable reduction 
can be made in the bandwidth of the blue channel without 
altering the picture detail. A small reduction in the band- 
width of the red, and particularly of the green channel soon 
shows up in the definition of the resulting picture. 


Fig. 1. Arrangement of the apparatus 
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A New Circuit for Balancing 


the Characteristics 


of Pairs of Valves 


By R. E. Aitchison* 


Various methods for adjusting the balance of a pair of triodes are considered. A new method is 

suggested which is based upon the adjustment of the cathode temperature so that the static 

anode currents are made equal. Measurements indicate that under these conditions the mutual 

conductances are then nearly equal, and the behaviour with respect to overall heater voltage 
changes is also improved. 


a many applications, and particularly in the case of d.c. 
amplifiers, it is desirable to have a- pair of identical 
valves. For example, in push-pull power output circuits 
this is necessary to obtain an exactly balanced push-pull 
output. In the case of d.c. amplifiers the pair of valves 
are arranged so that the effect of changes in supply voltages 
on the characteristic of one valve are compensated by 
changes in a similar, preferably identical, valve. Similarly, 
compensation is obtained for any change in the valve 
characteristics with time. Unfortunately, it is very difficult 
to obtain identical valves, particularly in the case of valves 
with an oxide cathode; and some means must be adopted 
in the associated circuits of adjusting for differences 
between pairs of valves. 


Triode Parameters 


The small signal parameters of a valve (for the sake 
of simplicity a triode is chosen, but similar arguments 
apply to pentodes at fixed screen voltage) which are of 
interest are the amplification factor (1), the mutual con- 
ductance (gm), and the static anode current (J,), all 
measured under fixed conditions, i.e., heater voltage, anode 
voltage, and grid bias. (Note the dynamic anode resistance 
is u/gm and is hence implied from a knowledge of » and 
2m). The static anode current is important, as it determines 
the static d.c. balance of balanced circuits, obviously of 
extreme importance in the case of d.c. amplifiers, although 
it is desirable from many points of view that the anode 
currents be equal in push-pull a.c. circuits—i.e., reduction 
of ripple, and of d.c. saturation of the output transformer. 

If the parameters of a series of valves of the one type 
are measured it is found that » shows small deviations of 
the order of a few per cent from the mean. The gm and Ja, 
on the other hand, deviate by well over ten per cent from 
the mean value. This is to be expected, as the amplification 
factor is, under ideal conditions, determined by the valve 
geometry, which with normal construction methods can 
be held to close tolerances, whereas the gm and /, are also 
determined by the cathode emission, which is known to 
vary considerably in the case of oxide cathodes, even with 
the most carefully controlled production. 


Balance Circuits 


In any double triode circuit it is possible to adjust for 
equality of either the sta‘ic anode currents, the stage gain, 


* Electrical Engineering Department, University of Sydney, Australia. 
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or the effect of heater changes, but not for all three 
simultaneously. Normally, adjustments are made for 
equality of the static anode currents, or zero adjustment. 
Methods of doing this are shown in Fig. 1. For example, 
the anode supply may be taken through a potentiometer 
as in 1(a), and this adjusted for static balance. Alterna- 
tively, the bias can be changed as in 1(b) so as to give 
static balance. Finally, the valve may be shunted with a 
resistor as in 1(c). Unfortunately, if other adjustments are 


























Fig. 1. Three basic methods used to balance the static properties of a 
pair of triodes 


introduced so as to equalize also the stage gain and the 
effect of heater changes, the various adjustments are not 
independent, and in a multi-stage amplifier the use of three 
interacting controls on each stage would be impracticable. 

More elaborate circuits have been devised to balance the 
anode current and the gain simultaneously’. However, 
these methods are based on the use of a large cathode 
resistance common to both valves, this serving to nearly 
balance the dynamic properties, and one of the methods 
of Fig. 1 is then used to balance the static currents. An 
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Differences Between Twin Triodes Before and After Balancing by Heater Compensation 
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example of this type of balance circuit is given in Fig. 2. 
However, this method is applicable only when using 
parallel balanced triodes with a large value of the common 
cathode resistor R, and hence is not applicable in many 
cases. 


New Balance Circuit 


As the differences between triodes of the same type are 
mainly caused by differences in the emission from the 
cathode, it should be possible to balance valves by making 
the cathode emission the same. A new circuit* based upon 
this fact is shown in Fig. 3. A potentiometer of a few 
ohms resistance is connected as shown so as to introduce 
a small difference AV, in the heater voltages of the valves 
1 and 2. The simplest procedure is to adjust R so that the 
static anode currents of the valves are equal. If necessary, 
the overall heater supply can be increased slightly, but in 
many applications, for example in the case of d.c. ampli- 
fiers, it is desirable to run the heaters at a reduced voltage 
and the overall drop in R is not important. 

It was found experimentally that the maximum difference 
in voltage between the two triodes amounted to 10 per cent 
of the normal for a batch of 50 twin triodes type 12AX7, 
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Fig. 2. A method for balancing 
both the static and dynamic pro- 
perties of a pair of triodes 


Fig. 3. New circuit for the overall 
balance of a pair of triodes 


and that of these approximately half could be balanced 
with heater voltage differences of only 5 per cent. 

As the potentiometer R is set so as to equalize the static 
anode currents, the valves will be perfectly balanced if 
the mutual conductances are equal and they respond 
equally to the effect of heater supply changes. 

These two points were checked by measurements on a 
number of valves type 12AX7. Measurements on the 
mutual conductance are given in Table 1. The twin triode 
type 12AX7 was first tested at fixed heater voltage, then 
the heater voltages were adjusted for static balance at the 
recommended test conditions (anode voltage 250V, grid 
bias —2-0V). The dynamic balance was next measured by 
measuring the mutual conductance, and also the anode 
current at a grid bias of —2:2V and —1-8V. It is obvious 
that for all the valves tested the mutual conductances after 
balancing for /, are almost identical. This would probably 
hold only for triodes of near-identical geometry, where 
the unbalance is caused solely by the differences in work 
function of the cathode. Once the emissions are made 
equal by adjustment of the cathode temperatures, the 
valves should then be identical apart from a slight 
difference in the escape voltage of the electrons from the 
cathodes. It is possible that the differences in temperature 
will introduce other side effects such as differences in life 
of the two triodes, different rates of poisoning, etc. How- 
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ever, balance adjustments are normally a routine adjust- 
ment in the case of d.c. amplifiers. The twin triode No. 1 
of Table 1 was tested after 100 hours and the balance 
adjustment was found to have changed by 0:07V, the new 
value of AV» being 0-60V. It should be noted that out of 
the nine valves tested, one valve (No. 6) showed anode 
currents and mutual conductances to be nearly balanced 
without any further compensation. 

Of major importance in d.c. amplifier design is the effect 
of heater supply variations, and several circuits are used 
to balance a pair of triodes for equality in changes due 
to heater supply changes**. Although the new circuit 
makes the cathode temperatures different, all other pro- 
perties are nearly balanced, and to a first order it would 
be expected that the stability to heater supply variations 
would be also balanced. Measurements in Table 2 give 
the effect of a change of + and —S per cent on the overall 
heater supply. As is clear from these measurements, the 
































TABLE 2 
VALVE HEATER HEATERS NOT HEATERS 
NUMBER | SUPPLY | COMPENSATED COMPENSATED 
Tax (MA) | Iz (MA) | Tay (MA) | Toy (MA) 
4. | Normal | 1-41 | 1365 | 1-40 1-40 
5% 1530 | 1:46 | 147 | 1-47 
5° 37 | 1:32 | 1:33 | 1-33 
5 Normal 1-285 | 1-44 | 1-325 | 1-325 
| +5% 135 | 1-49 | 1:39 | 1-395 
5°, 1-21 1-37 1-27 | 1-275 
6 | Normal | 136 | 136 | — : 
| +5% 1-425 | 1-42 a vane 
5° 1-275 | 1-28 ree les 
7 | Normal | 120 | 115 | 118 | 118 
| +5% 1-28 1-22 16 | 1-575 
..: 16 | obit | 0835 | 0-83 
8 | Normal 1-48 | 1-47 1-50 1-50 
| +5% 1-58 1:56 | 1-55 1-55 
5°? 44) 1-42 1-43 | 1-425 
Sees Ws ohms (ec os Ee Pee ee: See 
9 | Normal 1-76 | 1-28 | 1-55 | 1-55 
5% 185 | 1-35 166 | 1-65 
5° 67 | 1-22 1:50 | 1-49 











compensation is good but not perfect. However, this result 
is typical of all heater compensation circuits, which rarely 
give an improvement of better than 20 :1 (Verhagen’). 


Conclusions 

It is concluded that the new balance circuit of Fig. 3 is 
capable of giving, simultaneously, an accurate balance of 
the static anode currents and mutual conductances of pairs 
of triodes. As the amplification factors are normally also 
balanced, this gives a pair of triodes, without selection, 
identical to within a few per cent. At the same time the 
balance with respect to overall heater supply changes is 
improved sufficiently to render heater compensation 
circuits unnecessary. 
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Notes from 


North America 


Highlights from I.R.E. Convention 


New medical, dental and industrial uses of ultrasonics 
were announced at the national convention of the Institute 
of Radio Engineers held recently in New York. 

John M. Reid and John J. Wild, M.D., reported that 
ultrasonic energy has been successfully used at St. Barnabas 
Hospital, Minneapolis, to diagnose lumps in the human 
breast before operation. When the narrow sound beam 
encounters human tissue, a pattern of echoes is returned 
and displayed on a television picture tube. 

Irregularities such as cancer, non-malignant solid tumors 
and liquid-filled cysts can be recognized from their charac- 
teristic pictures. Several echo photographs of typical 
lesions were shown for the first time at a session of ultra- 
sonic specialists at the Belmont Plaza Hotel. 

In another paper at the same session, Douglas H. Howry, 
M.D., University of Colorado Medical Center, disclosed 
a technique which permits use of ultrasonic echo equip- 
ment for studying vital organs deep within the human 
body. Ultrasonics may supplement X-rays as a diagnostic 
aid. Although X-rays are invaluable in studying the body’s 
bony structure, they cannot always give an adequate 
picture of soft tissue. 

The use of ultrasonics in clinical dentistry was described 
by Alvin E. Strock, Peter Bent Brigham Hospital in Boston. 
Much of the discomfort associated with visits to the 
dentist may be alleviated by an ultrasonic dental drill 
developed by the Cavitron Corp. of Long Island City and 
described in a companion paper by Lewis Balamuth. An 
ultrasonic drill is used to abrade or wear away the decayed 
parts of the tooth. It does its work rapidly and without 
force being exerted by the dentist. The patient is spared 
the uncomfortable sensations of heat and pressure caused 
by a mechanical drill. 

Industrial applications of ultrasonics were also described 
including studying river currents to determine the best place 
to build a hydro-electric station, removing the chaff from 
textile fabrics and determining the mechanical strength of 
manufactured products non-destructively. 

A single colour television camera tube which does the 
work of the three tubes used in present day cameras was 
reported under development by RCA Laboratories. The 
new tube is capable of responding to all three primary 
colours at once instead of just to a single colour. The 
development was announced in a paper presented by P. K. 
Weimer, S. Gray, H. Borkan, S. A. Ochs, and H. C. 
Thompson, of RCA. 

A system by which radar information may be transmitted 
by ordinary telephone lines from a distant radar station 
to a radar viewing screen was disclosed by C. W. Doerr 
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and J. L. McLucas of Haller, Raymond and Brown, Inc. 
At the present time coaxial cables or expensive microwave 
relay systems are required for this purpose at airports and 
for radar networks. 

Thirty tons of printed matter on paper 8in wide in an 
8-hour day or a printing speed of 5 000 characters a second; 
this is the possible output of a new and basic recording 
technique developed by the Burroughs Corporation. 


H. Epstein and F. Innes in a paper titled “ Electrographic 
Recording’, revealed the development by which a mark 
may be put on a paper in a duration as small as one 
microsecond and that printed characters, formed by com- 
bination of such marks, could be recorded at rates exceed- 
ing 5000 characters per second. This system will be 
particularly useful in electronic computer systems, tele- 
typewriter and telemetering services, facsimile, etc., where 
the output of the machine is to be displayed as a printed 
message. 

The development of a new type of high-gain transmit- 
ting antenna for television broadcasting in the u.h.f. band 
was described by O. M. Woodward of RCA, and James 
Gibson of Sweden. In another session, a new type of tele- 
vision transmitting antenna which eventually should work 
to the advantage of the set-owner (especially in colour 
television) as well as to the broadcaster and manufacturer, 
was outlined by R. W. Masters and C. J. Rauch of Ohio 
State University. 

The technical aspects of television in Europe, with its 
many different engineering standards creating problems in 
channel allocation, set manufacture, and international pro- 
gramme exchange, were summarized by Hubert A. S. 
Gibas of Switzerland. 

The possibility of using man-made space satellites as 
a means of relaying television across the ocean was dis- 
closed by Dr. John R. Pierce, director of electronics 
research of Bell Laboratories. 

Good reception would be electronically feasible by using 
a 100ft satellite in an orbit 22 000 miles above the earth to 
reflect television signals from one continent to another. 
This would require an antenna 250ft in diameter at the 
sending and receiving stations on earth and a transmitter 
power of only 50kW. At such time as it becomes possible 
to construct such a satellite, the chief problem would be 
keeping the satellite's reflecting surface steadily aimed in 
the proper direction. 

Among other speakers at the symposium was Prof. S. F. 
Singer, physics department of the University of Maryland, 
who reported that the technical problems connected with 
launching, control and instrumentation of a very small 
man-made satellite called the MOUSE (Minimum Orbital 
Unmanned Satellite of the Earth) are well within the range 
of present techniques. Among the many scientific instru- 
ments which would be installed in the MOUSE would be 
one which measures the sunlight reflected by the earth. This 
would give a measure of the total world cloud coverage 
which, in turn, could be used to forecast long-range climatic 
changes. 

Edward F. Feldman, speaking at a session on instru- 
mentation, described an electronic test instrument which 
automatically analyses sounds and noises and displays their 
frequency components on a cathode-ray tube. The 
instrument is useful in such projects as silencing business 
machines, measuring high fidelity equipment, and finding 
faults in precision ball bearings. 
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The Physical Society’s 39th Exhibition 


A description, compiled from information supplied by the manufacturers, of selected exhibits at the Physical 
Society’s Exhibition held at the New Hall of the Royal Horticultural Society, London, from 25th to 28th April. 


Boulton Paul 


Load Cells 
(illustrated below) 

A Sy range of load cells is being 

developed, using differential trans- 
ducers as the means of measuring the dis- 
placement under load. This feature 
almost completely eliminates errors due to 
non-axial loading and avoids difficulties 
of creep associated with strain gauges. 
These cells will be of interest to manu- 
facturers and users of rolling mills and 
allied machinery. The accurate measure- 
ment of loading can be used as the safety 
device, ensuring that the machine is never 
overloaded. 





Displacement Transducer 


T® EP 303 is an entirely new displace- 
ment transducer, capable of measuring 
displacements of the order of 100 micro- 


inches. It is robustly constructed and is 
sufficiently small to enable it to be fitted 
to apparatus where other methods have 
proved impossible. It can be fitted to a 
capsule or diaphragm, so making a very 
sensitive pressure measuring device. It 
has been designed with a view to long 
life and should give many years of ser- 
vice without maintenance. 


Boulton Paul Aircraft Ltd., 
Pendeford Lane, 
Wolverhampton. 


B.P.L. 
Pulse-height Valve-voltmeter 


HIS instrument, Model PV 812 will 

read up to 100V with an accuracy of 
+2 per cent and is designed to measure 
the height of periodically recurring pulses, 
being independent of pulse width and 
repetition rate. 


Pulse Generator 
(Illustrated above right) 
HE pulse and square wave generator, 
Model PG712, has been developed as 
a piece of ancillary equipment to the 
audio-frequency signal generator which 
has now an extended frequency range to 
cover from 10c/s up to 100kc/s. It pro- 
vides a means of converting sinusoidal 
voltages into steep fronted pulses of short 
duration or alternatively into square 
waves. The output for pulse operation is 
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variable up to 15V positive or negative to 
earth, while the maximum output for 
square wave generation is 10V. Both the 
above items are being manufactured 
under licence from the N.R.D.C. 


British Physical Laboratories, 
Houseboat Works, 

Radlett, 

Hertfordshire. 


B.T.H. 
Microwave T.R. Devices 


RANGE of X-band t.r. and t.b. 

broadband cells was shown. The 
special developments to which attention 
is drawn are the form of compression 
window seal, the copper brazed steel 
method of vacuum envelope construction, 
and the shielded gap construction which 
hinders deposits of material sputtered off 
the primer electrode from detuning the 
r.f. circuit. These features, together with 
special processing techniques, enable an 
average life well in excess of 1 000 hours 
to be achieved. 


The British Thomson-Houston Co. Ltd., 
Rugby, 
Warwickshire. 


Cinema-Television 
Flying Spot Microscope 

§ hy is the first production model of 

the prototype shown previously and 
incorporates a number of new féatures. 
Basically the equipment permits any nor- 
mal microscope slide to be viewed on a 
television type screen with the advantages 
of greater magnification, variable contrast 
control and large audience viewing facili- 
ties. 

A special feature of the exhibit was a 
demonstration of automatic particle 
counting, 


Miniature Multi-channel Recording 
Equipment 

iw new equipment has been designed 

to meet the demand for a miniature 
multi-channel recording apparatus and 
permits from one to twelve channels to 
be used simultaneously. Photographic 
recording of the tube traces can be carried 
out with either a continuous feed or drum 
type of camera. 
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Each amplifier and tube unit is only 
9tin high x 2in wide x 15in deep thus 
permitting the units to be closely stacked 
together. Associated units comprise the 
main amplifier and power supplies. 


Cinema-Television Ltd., 
Worsley Bridge Road, 
Lower Sydenham, 
London, S.E.26. 


Dawe Instruments 
Vibration Meter 
(Illustrated below) 


i new type 1403 vibration meter is 
a mains-operated instrument which 
uses a moving-coil pick-up in place of 





the crystal pick-up of the portable type 
1402 battery-operated equipment. This 
new pick-up provides an output voltage 
which is directly proportional to the 
vibration velocity instead of to the vibra- 
tion acceleration as with the crystal pick- 
up. Electrical integrating and differen- 
tiating circuits are, however, incorporated 
in the new meter to provide a direct cali- 
bration in terms of vibration displace- 
ment and acceleration, as well as velocity. 


Dawe Instruments Ltd., 
99 Uxbridge Road, 
Ealing, 

London, W.5. 


Edison Swan 
Process Controller 


i equipment is designed to be the 
controlling element in automatic pro- 
duction plant. It is suitable for any type 
of machine which has controls that can 
be electrically or pneumatically operated. 

The controller is basically a universal 
timer controlling up to six separate and 
individual functions so that they are auto- 
matically performed in the desired se- 
quence and for the requisite time, in 
relation to one another. Auxiliary units 
are also provided so that if one or more 
of the functions required are to turn on 
or off, for example, gas/air or gas/oxygen 
burners, the burner supplies are turned 
on and off in the right sequence and with 
a suitable time delay to prevent explo- 
sions. 
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Industrial and Special Valves 


HE ES1001 is a radiation cooled triode 

with thoriated tungsten filament and 
with a maximum anode dissipation of 
1kW at 40Mc/s. 

The ESA1002 is a forced ‘air cooled 
triode with a thoriated tungsten filament 
and with a maximum anode dissipation of 
12kW.at 40Mc/s. 

The 13E1 is a beam tetrode d.c. control 
valve for use as either a series or shunt 
control valve in stabilized power supplies. 
It is also eminently suitable for servo 
control motor systems. Mutual conduc- 
tance approximately 40mA/V. Maxi- 
mum anode dissipation 90W. 


The Edison Swan Electric Co. Ltd., 
155 Charing Cross Road, 
London, W.C.2. 


Edwards 
Quartz Crystal Vibrator Coating Plant 


} Seatac og model 12QE coating plant 
is capable of coating batches of 16 
quartz crystal vibrators in one pumping 
cycle aud provision is made for indivi- 
dual frequency calibration of each crystal 
during the process, 

A new crystal coating unit has been 
developed for individual crystals making 
use of valveless pumping in order to pro- 
vide the simplest possible construction 
both for experimental and small batch 
quantities of crystals. The work-chamber 
is of about 4 litre capacity and can be 
exhausted to 10-*mm of mercury by a 
“Speedivac” model A203 air-cooled 
vapour pump backed by a “Speedivac” 
model 1850 rotary pump in a total time 
of 24+ minutes. It is sealed bv one of two 
covers so mounted that they can be 
rotated horizontally as a joined pair 
through 180°. ° Each cover is fitted with 
a crystal holder and an _ evaporation 
source. In operation a crystal may be 
coated and frequency calibrated whilst 
the other cover is being loaded. At the 
finish of the coating cycle air is admitted, 
the covers are rotated bringing a new one 
into service, and the operation is repeated. 

W. Edwards & Co. (London) Ltd., 
Manor Royal, 

Crawley, 

Sussex. 


E.LC. 
A.C. Comparator 
(Illustrated below) 
HIS is a non-electronic alternating 
current bridge suitable for the 


measurement and grading of capacitors, 
chokes and resistors from mains supply. 
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An external power supply and an ex- 
ternal standard are required. For capa- 
citance measurements between 0:25 and 
25u4F mains frequency (50c/s) is suitable, 
but for lower values a higher frequency 
is required. Two versions of the com- 
parator are made; an industrial model 
intended for factory use and a laboratory 
model, the latter being five times more 
sensitive than the former. 

A capacitance decade box covering 
from 50pF to 14F and suitable for use 
with the comparator was also shown. 


The Electrical Instrument Co. (Hilling- 
don) Ltd., 

Boswell Square Industrial Estate, 
Hillingdon, 

Glasgow, S.W.2. 


Elliott 
Microwave Equipment 


Te range of microwave equipment 
shown included the following: 
Absolute Method of Attenuation Cali- 
bration: Equipment for 10000 Mc/s 
Band. 

Equipment is being developed which 
operates as a microwave bridge system, 
enabling attenuators to be calibrated by 
the provision of signals of accurately re- 
lated amplitude. 

Standing-Wave Indicator for 10 000Mc/s 
Band. 

This is a prototype instrument of 
advanced mechanical and _ electrical 
design. It employs an _ electroformed 
waveguide of great accuracy, a_high- 
precision but long-wearing travelling sur- 
face, and an improved electrical system. 
The whole instrument is totally enclosed, 
and is fitted with a dial gauge for direct 
reading of the probe position. 

The instrument forms part of 
A Complete High Precision Low-Power 
Test Bench for 10000Mc/s Band, 

This prototype test equipment enables 
the transmission and reflexion charac- 
teristics of most microwave components 
to be measured. Demonstration was 
made of the direct methods of measuring 
voltage standing wave ratio by the use 
of the Elliott rotary attenuator and a 
standing wave indicator. 

A Broad-Band, High Directivity Direc- 
tional Coupler for 35000Mc/s Band. 

This instrument, at present under 
development, employs a multi-slot coup- 
ling hole system and a first-grade glass 
vane matched load. 


D.C. Magnetic Amplifier 


_ instrument is a high stability d.c. 
amplifier of rugged construction. By 
the use of second harmonic modulator in- 
put stages, stability is appreciably better 
than that obtained with conventional 
types of amplifiers, and errors are reduced 
to the equivalent of 10-"W signal input 
powers. For inputs from 0 to 4mV 
across impedances of 202 to 20k%, the 
amplifier delivers 0 to SmA into 5002 
to drive an industrial pattern recorder or 
indicator, Response time is one second 
approximately. An accuracy of +1 per 
cent full scale deflexion is maintained 
with mains variations of £10 per cent 
voltage and +5 per cent frequency. The 
amplifier was demonstrated in conjunction 
with a magnetic amplifier relay. By means 
of a calibrated dial the operating point 
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of the relay is adjustable to any point on 
the output characteristic of the magnetic 
amplifier. 


Elliott Brothers (London) Ltd., 
Century Works, 

Lewisham, 

London, S.E.13. 


Ferranti 
C.R.T. Afterglow Measurement 


HIS equipment is designed to deter- 
mine the decay curve of luminescence 
of a cathode-ray tube phosphor as a func- 
tion of time. It consists of two units: 
one unit is for short-afterglow measure- 
ment in the range from a fraction of a 
microsecond up to about 200msec, and 
the other unit for medium- and long- 
afterglow measurements. In the short- 
afterglow unit an electron beam sweeps 
across the phosphor under investigation 
in a linear trace; the light pulse passing 
through a narrow slit in a mask placed in 
front of the cathode-ray tube screen is 
converted by a photo-multiplier to a 
corresponding voltage pulse for display 
on a cathode-ray tube. In the second 
unit, when used for medium-afterglow 
measurements, the electron beam sweeps 
across the phosphor under investigation 
in a circular trace: the light intensity of 
the afterglow is measured with a photo- 
multiplier placed in front of a slit in the 
mask which rotates in front of the 
cathode-ray tube screen at the same speed 
as that of the spot, the adjustable phase 
difference between luminous spot and 
viewing slit representing the time interval 
of decay. If the unit is used for long- 
afterglow measurements, the photo-multi- 
plier remains stationary in front of the 
screen and the decay of light output is 
timed with a watch. 
Ferranti Ltd., 
Hollinwood, 
Lancashire. 


Fortiphone 
Transistor Components and Applications 
(Illustrated below) 


A RANGE of subminiature trans- 
formers designed for use in conjunc- 
tion with transistors was shown. 
Transistors have proved to be a very 
efficient means of converting low voltages 
to higher voltages by using an oscillator 
running at 10 to 20kc/s and simple 
smoothing, which is all that is necessary 
at that frequency. Conversion efficiencies 
of as high as eighty per cent have been 
obtained, which is not possible at power 
levels of up to a few watts with either 
vibrator power supplies or rotary con- 
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verters. Circuits of this type and also 
audio frequency transistor circuits are 
being made up as small potted special 
assemblies in rectangular form as illus- 
trated, 

The unit shown contains two trans- 
formers, two transistors, two amplifiers 
and a number of other components and 
measures only fin x lin x 1 fin. 


Fortiphone Ltd., 
Fortiphone House, 
247 Regent Street, 

London, W.1. 


Johnson Matthey 


Wax-Protected Precision Silvered Mica 
Capacitors 


A RANGE of wax-protected capacitors 
embodying silvered mica __ plates, 
covering capacitances from 5pF_ to 
0-25“F and adjusted to a minimum capa- 
citance tolerance of +0-5 per cent or 
+1pF (whichever is the greater). High 
stability, low power factor and absence 
of scintillation are among their charac- 
teristics. The capacitors are available 
with three voltage ratings—500, 350 and 
200V peak—in both eyeleted and fired 
types. 


Moulded Precision Silvered Mica 
Capacitors 

OBUST moulded components em- 

bodying silvered mica plates, designed 
to give efficient service over long periods 
in the temperature range —60°C to 
+120°C. The relationship between tem- 
perature and capacitance change is linear 
and cyclic. The capacitors are rated for 
500V peak working, and are available in 
two sizes covering: the capacitance range 
SpF to 0-01uF. 


Waveguide Tubes 
EAMLESS waveguide tubes of high 
accuracy and excellent internal finish 
in copper, brass, 7} per cent and 10 per 
cent copper-silver, and also in silver-lined 
copper. Rectangular tubes, with sharp 
interior angles, are available with exter- 
nal dimensions up to 1-25 x 0-625in. 
Round tubes are available with outside 
diameters up to 1-Sin. 
Johnson Matthey & Co. Ltd., 


78 Hatton Garden, 
London, E.C.1. 


Labgear- 
Time Period Counter 
{illustrated below) 
§ em instrument is designed for the 
accurate measurement of the time in- 
terval between two events. The design 
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incorporates the requirements of a 
counter chronograph operating within the 
range of 10 to 10—‘sec. 

The ‘time source’ oscillator employs 
a 10kc/s quarts crystal having a fre- 
quency stability better than 0-02 per cent. 
The counter section consists of a single 
GC10D stage and four stages of GC1OB 
Dekatron glow-transfer tubes with hard- 
valve couplings. 

Provision is made for extension of the 
normal 10sec count range to 10 000sec by 
the addition of an external Dekatron 
register. 

A flexible triggering arrangement, em- 
ploying a pentode gate of negligible re- 
solving time in conjunction with two gas- 
trigger holding tubes, permits the use of 
pulses derived from either a common 
origin or from independent sources. Alter- 
natively, a mechanical contact sequence 
may be accommodated. 


Labgear (Cambridge) Ltd., 
Willow Place. 
Cambridge. 


Marconi Instruments 
E.H.F. Signal Generator (0A 1000) 
(Illustrated below) 


LECTRICALLY this equipment 
divides into three main parts: (1) a 
klystron microwave oscillator which can 





be preset for operation at frequencies be- 
tween 33 300 and 37 500Mc/s, i.e., 8 to 
9mm; (2) a separate and versatile klys- 
tron power supply and modulation sys- 
tem; and (3) an independent system of 
frequency stabilization based on a design 
due to R.V. Pound. The whole equip- 
ment is assembled in two main sections. 
One is the signal generator unit com- 
prising the klystron, an output meter, a 
precision calibrated attenuator, and a 
waveguide hybrid-T circuit in which the 
frequency of the klystron output is com- 
pared with that of a built-in standard 
reference cavity. The other is a cabinet 
rack containing both the electronically 
regulated power supply units feeding the 
klystron and the Pound stabilizer units 
which constitute an automatic klystron 
frequency control system actuated by the 
magnitude and phase of the correction 
signal fed back from the hybrid-T cir- 
cuit. All the millimetre-band components 
are confined to the separate signal genera- 
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tor unit and all connexions between this 
unit and the cabinet rack are made by 
means of plug-and-socket connectors, 
Because of this, and because the main 
outputs from the power supply sections 
are monitored and each independently 
variable oVer a wide range, the OA 1000 
is not only an e.h.f. signal generator but 
also a versatile and comprehensive equip- 
ment suitable for supplying most types of 
klystron at present available. 


Marconi Instruments Ltd., 
Albans, 
Hertfordshire, 


Metropolitan- Vickers 
Null Indicator 


HIS 50c/s null indicator is intended 
particularly for use with high voltage 
bridges, e.g., Schering bridges, and has a 
very high rejection factor, of the order 
of several thousand times, for high fre- 
quency corona discharge currents. _ Its 
performance at 50c/s is superior to that 
of single tuned circuit or paralelled-T 
feedback selective amplifiers since it has 
a higher bandwidth and greater rejection 
of third harmonic. The response is sub- 
stantially flat from 25 to 75c/s and the 
rejection of 150c/s is 130 times. The in- 
strument, which is an RC fi.ter with valve 
anode impedances replacing some of the 
resistance elements, is simple to use and 
free from zero or gain controls; also a 
variation of +20 per cent in the value of 
any of the components is tolerable. 
Metropolitan-Vickers Electrical Co. Ltd., 
Trafford Park, 
Manchester, 17. 


Mullard 
Millimicrosecond Photography 

HE use of image converter tubes as 

the shutters of ultra high-speed 
cameras is now well established. The 
image of the object to be photographed 
is focused on the sensitive photo-cathode 
of the tube. When operating voltages are 
applied, a duplicate image appears at the 
opposite end of the tube. To photograph 
fast transient phenomena, the tube is 
switched on by voltage pulses syn- 
chronized with the phenomena, the actual 
photographic record being made by an 
ordinary camera at the viewing end of 
the tube. 

In the past, circuit limitations have 
fixed the lower limit of exposure at about 
30 x 10-*sec. In the present demon- 
stration, the use of a coaxial pulsing sys- 
tem enables the exposure time to be re- 
duced ten times, i.e., to 3 x 10-*sec. 

In the demonstration, a voltage pulse 
produced by a very fast spark discharge 
travels down a coaxial line to trigger on 
the tube. At the same time, the light 
generated by the spark is guided by 
mirrors to the photo-cathode of the 
image tube. When the light path is 
lengthened by moving the mirrors, a 
point is reached where the image of the 
spark on the viewing screen disappears, 
because the light arrives at the photo- 
cathode after the voltage pulse which 
triggers the tube has died away. By 
adjusting the length of the light path, the 
various stages in the formation of the 
spark can be seen, and the effective ex- 
posure may be reduced to about 
3 x 10-sec, the picture on the tube 
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being visible to the eye and recordable 
by film. (Light travels 9cm in 3 x 10-” 


sec.) 
Mullard Ltd., 
Century House, 
Shaftesbury Avenue, 
London, W.C.2. 


Plessey 
Computing Components 
(Illustrated below) 


HOWN for the first time was a mag- 

netic store drum (illustrated below) 
and input-output buffer units, which are 
being developed for use with the Plessey 
payroll computer. The store has a 
capacity of 100000 bits in a surface 
medium of cobalt-rich cobalt-nickel 
alloy. A track packing of 16 to the inch 
and a digital packing of approximately 
fifty to the inch is used. The mumetal 
heads have an impedance of 2522 and a 
playback amplitude of about 10mV. The 
peripheral velocity of the drum is 
approximately 900in/sec. 

The input and output buffer storage 
units each store 16 decimal digits. Five 
such units may be used to store, or punch 
all eighty columns of a standard Hollerith 
card using standard equipment. The use 
of input-output buffer storage allows 
computing to take place as cards are be- 
ing read and punched. The individual 
storage elements in the buffers are deka- 
trons, and these tubes are used in the 
arithmetic unit of the computer proper. 
The power consumption is approximately 
250mW per decimal digit for the input 
buffer and approximately 1W per digit 
for the output buffer. 

The Plessey Co. Ltd., 
Ilford, 
Essex. 


Pye 
“Scalamp” Megohm Voltmeter 
(Illustrated below) 


HDi usefulness of the pivoted volt- 
meter is limited in many applications 
by its comparatively low resistance which 
can seldom be higher than 20k2/V. By 
use of a suspended galvanometer it is 
possible to obtain much higher resistances 
and exhibited was the prototype of a 
voltmeter having a resistance of 1M2/V. 
A further advantage is the possibility of 
measuring low voltages and this instru- 
ment has ranges as low as 10mV for full- 
scale deflexion. The scale is approxi- 
mately 54in long and the light spot has 
a hair line which allows readings to be 
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taken with great accuracy. The specified 

accuracy is to +1 per cent of full-scale 

deflexion and there are 10 ranges from 

10mV to 300V. The whole instrument is 

robust and simple to use. There is pro- 

vision for shorting the coil automatically 

when the instrument is turned off and 
when it is lifted from the bench. 

W. G. Pye & Co. Ltd, 

“ Granta ” Works, 

Newmarket Road, 

Cambridge. 


S.T.C. 
Radar P.P.I. Simulator 
(llustrated below) 


HE “Standard” radar p.p.i. simulator 

is a simple non-electronic device 
affording a realistic p.p.i. display for 
practical radar instructional purposes. 

A feature of the apparatus is that all 
information displayed on the artificial 
radar screen is prepared and pre-set as a 
programme of events by the instructor 
and remains under his full control 
throughout the period of instruction. 





a 
4 
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The principle on which the radar 
trainer operates ensures a high degree of 
realism in the simulated display. For 
example, the time-base is formed by a 
rotating beam or shaft of ultra-violet 
light activating a coating of television 
powder on the “tube” face and causing 
it to fluoresce. Target and other infor- 
mation is superimposed on this time- 
base by the interposition between the 
light source and the tube face of a sub- 
stance giving a more pronounced fluores- 
cence with correspondingly longer per- 
sistence. In the version suggested for 
the Army, nylon thread with globules 
of thin substance in colourless lacquer 
provide the moving target traces in 
association with an ingenious system of 
pulleys and motors which afford an in- 
finitely variable programme of targets 
and courses with the choice of two or 
more speeds. Emulating conventional 
radar sets at present in service, the 
simulator is equipped with a cursor for 
reading off bearings on the tube face 
and appropriate range markers. 


Standard Telephones & Cables Ltd, 
Connaught House, 
| 


wych, 
London, W.C.2. 
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Sunvic 
Pulse Height Analyser 
(Illustrated below) 


Hf Boca pulse height analyser is an instru- 
ment for the analysis of a complex 
pulse amplitude spectrum into groups 
of known height according to their volt- 
age amplitude. 

It displays up to a maximum of 120 
channels and can store 1200 binary 
digits. The design is based on that of 
Hutchinson and Scarrot (Phil. Mag. 
42, 792, 1951) and the instrument is 
made under licence from the N.R.D.C. 

An input pulse which is to be sorted 
passes in turn through a_pre-amplifier 
with’a gain of four, a biased amplifier 
which removes a controllable amount of 
the base of the pulse, an_ inverting 
amplifier of variable gain and a gate 
circuit and is then fed into a pulse 
lengthener. A linear sweep circuit 


generates a voltage which is linear with 
time and the analyser measures the time 
elapses 


interval which between the 








beginning of the linear sweep and the 
instance at which the linear sweep volt- 
age equals the output voltage from the 
pulse lengthener. This interval is then 
used to add unity to the appropriate 
binary number in the display. 

The display unit, incorporates the 
sorting, memory and display circuits, the 
display being presented on the screen of 
a cathode-ray tube in the form of a 
raster of vertical lines, one line for each 
channel. The count in each channel is 
represented on a binary scale by an 
array of brightened dots. Each dot 
represents a “1” while a space represents 
an “0”. The least significant figure in 
each channel appears at the bottom of 
the line and hence the pulse spectrum 
is approximately plotted on a logarith- 
mic scale by the dots representing the 
most significant figure in each channel. 

A calibration pulse generator is in- 
cluded in the apparatus. 


Sunvic Controls Ltd, 
10 Essex Street, 
London, W.C.2. 
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Electroacoustics 
(The analysis of transduction, and its 
historical background.) 
By Frederick V. Hunt. 260 pp. 60 
8vo. Harvard Monographs in 
No. 5. John Wiky & Sons, Inc., New York. 
_ & Hail Ltd., London. 1954. Price 


ROFESSOR Hunt's first book con- 

tains 235 pages of text, of which the 
first 91 are a historical survey of the 
developments in sound transmission and 
reception. This is fascinating but rather 
insular, as is common with American 
texts. True, Henry Hunning’s invention 
(British Patent 3647/1878) of the carbon 
granule transmitter is mentioned, but 
not with much enthusiasm; yet this, the 
basis of all current designs of telephone 
transmitter, was a far-reaching and 
revolutionary innovation. No mention 
is made of Dr. N. W. MacLachlan’s 
moving-coil free cone loudspeaker, 
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which certainly pre-dated the Rice and 
Kellog patents. This reviewer remem- 
bers hearing it in 1924. Nor is P.G.A.H. 
Voigt’s work on capacitive transmitters 
described. The reader may feel that 
about 15s. is rather a lot to pay for 
this collection of memoirs and details of 
patent litigation. 

The second chapter examines electro- 
mechanical coupling in general terms, 
motional impedance and the effect of 
frequency on mechanical impedance 
being introduced as a series of vectors 
relating phase angle to magnitude in a 
general sense, so that the data is applic- 
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BOOK REVIEWS 


able to any coupled vibrating system, 
e.g., string oscillographs. 

In the next chapter the difficulties of 
relating the antireciprocal nature of 
electromagnetic systems to the principle 
of reciprocity for coupled  electro- 
mechanical systems leads to a discussion 
of the shortcomings of existing sign con- 
ventions in such analyses, and allows 
the author to introduce a new form of 
space operator to bring analytical 
symmetry into antireciprocal cases in- 
volving magnetic fields. This concept 
permits a unified treatment for all types 
of electro-mechanical coupling and is 
certainly ingenious if difficult to manipu- 
late; it is observed that the author does 
not seek to apply this method very much 
in the book. 

Chapter IV is a long and detailed 
analysis of transducer performance on 
an admittance basis as contrasted with 
an impedance basis. One is left with the 
feel.ng that the author recognizes that 
experimental requirements really dictate 
which approach is of most value. 

Chapter V is an excellent discussion 
on electrodynamic loudspeakers.. Unfor- 
tunately the only valid information 
relates to the low-frequency response 
range. Only a conjectural approach is 
made, covered in but two pages, to the 
vexed problems of the behaviour above 
the frequency at which the cone ceases 
to act as a solid piston. The author says, 
“Eliminating these irregularities in 
response throughout the middle and 
upper range of frequency is one of the 
major and not yet fully solved prob- 
lems of modern loudspeaker design.” It 
is clear that this most important part 
of the range does not yield to any of 
the theories developed in this book; 
rather disappointing, this is something 
we all want to know a lot more about. 

In Chapter VI we come to an excel- 
lent and most refreshing analysis of 
electrostatic loudspeakers. This promis- 
ing alternative to the conventional 
moving coil system could profitably be 
re-examined since the advent of new 
dielectric materials, sputtering tech- 
niques, etc. 

The last chapter purports to describe 
electromagnetic transducers of the 
gramophone pick-up type, but is really 
devoted to an analysis of the ring 
diaphragm telephone receiver. It seems 
unfortunate that other patterns of trans- 
ducer were not included, since the title 
of the monograph is very broad and the 
inference is that the inclusion of all 
types might be anticipated. 

The book is up-to-date, stimulating in 
parts, and contains much valuable food 
for thought. It is written in a scholarly 
style and a second edition should give 
Professor Hunt the opportunity to in- 
clude further examples of well-known 
methods of transduction which would 
greatly increase the present limited 
appeal. 


ALAN DOUGLAS. 
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Zirkonium Seine Herstellung Eigen- 
schaften und Anwendungen in der 
Vakuumtechnik (Zirconium — Its 
production, properties and applica- 
tions in vacuum technique) 
By Werner Espe. 174 pp. 14 figs. 20 tables. 
Demy 8vo. C. F. Winter’sche Verlagshandluny, 
Fuessen/ Bayern. 1953. 
Ts author of this littke monograph is 
in charge of development of the now 
nationalized electronic valve manufac- 
ture in Czechoslovakia. He is the co- 
author (with Knoll) of that well known 
standard work Stoffkunde der Hochva- 
kuumtechnik (Materials for High Vacuum 
Technique) which appeared in 1936. In 
the slender book under review he gives a 
comprehensive, competent and very 
valuable survey on the production and 
the properties of zirconium and its vari- 
ous applications in the manufacture of 
vacuum tubes. After some brief intro- 
ductory remarks about how and where 
the raw material is found, the production 
of zirconium powder, of zirconium- 
hydride powder and of compact, ductile 
zirconium are described in detail and 
illustrated. The physical and chemical 
properties of the metal are discussed 
and particularly those which make it suit- 
able for gettering purposes. A brief sec- 
tion deals with the manufacturing of 
intermediate products of zirconium, like 
sponge, brickets, ingots, disks, sheets, 
bars and wires. Special precautionary 
methods are described which must be ap- 
plied in order to reduce fire risks due to 
the high inflammabitity of zirconium 
power. The second part of the book 
deals in detail with the application of the 
metal in vacuum technique and in parti- 
cular with the methods applied for pro- 
ducing gettering layers by painting, dip- 
ping or spraying or by cataphoresis. 

A special feature of the book is the 
large number of tables containing the 
most important physical, chemical and 
mechanical properties of the material and 
some recipes in concise form for produc- 
ing the suspensions of zirconium powder 
or zirconium hydride as used in the vari- 
ous gettering processes. 

A bibliography and a subject matter 
index conclude the book which will be 
welcomed by all those interested in get- 
tering technique. 


R. NEUMANN 


Active Networks 


By V. C. Rideout. 485 pp. 75 figs. Demy $vo. 
Constable & Co. Ltd. 1954. Price 42s. 

HIS is a useful and well balanced 

textbook on valves and valve circuits 
for students who possess a fair mathe- 
matical background. Although the 
author devotes space to explain the prin- 
ciples of four terminal network analysis, 
Fourrier analysis and the use of Laplace 
transformations, as far as this is possible 
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in a book of this size, he does assume a 
fair knowledge of passive networks, 
Bessel functions and the use of determin- 
ants. 

Each chapter concludes with a most 
comprehensive collection of references, 
mostiy to American books and journals 
unfortunately, and a set of problems of 
a practical type. There are about 150 
problems in the book and a collection of 
valve and transistor characteristics are 
provided which are required for some of 
the solutions. No answers are available 
but a number of numerical problems are 
worked out in the text. 

The jacket states that transistors are 
dealt with in considerable detail although 
there are in fact onty fourteen pages on 
this subject distributed throughout the 
book. References to magnetic amplifiers 
and position controlled servo-mechan- 
isms are brief. 

In the chapter on power amplifiers the 
usual discussion arises on the optimum 
value of load for a power output triode. 
A value of load resistance equal to twice 
that of the anode slope resistance of an 
ideal valve is determined once the h.t. is 
fixed and is not a compromise due to 
non-linear characteristics as the author 
suggests. 

Again, when dealing with phase shift 
oscil:ators, the author chooses to analyse 
the case where the valve load resistance 
is small compared with the input imped- 
ance of the phase shift network. This 
treatment leads to values of frequency 
anid attenuation that may be materially at 
variance with practically observed values. 

Relationships between f.m., p.m. and 
a.m, are well il‘ustrated. Modern tech- 
niques of producing widé band f.m. and 
p.m, using the serrasoid modulator and 
klystron contrast clearly with earlier sys- 
tems such as Armstrongs. One must, 
however, move on to the chapter on noise 
and information theory to discover the 
improvement in signal-to-noise ratio 
which is a virtue of wide band f.m. and 
the further improvement pre-emphasis 
affords. 

Errors in the text are very few and de- 
tract in no way from a work which man- 
ages to cover a wide field in a stimulating 
manner, 


H. HENDERSON. 


Studio Engineering for Sound 


miei 
Edited by J. W. Godfre p-, 108 figs 
Demy 8vo. Iliffe & Sons td. asf Price 25s. 


fb. book has been compiled for the 
primary purpose of training BBC 
technical staff in the general principles 
underlying operational procedures at the 
Corporation’s studio centres. It is now 
made available outside the Corporation 
in the belief that broadcasting staff 
throughout the world, on both the 
engineering and non-engineering sides, 
will find a great deal of interest and 
practical value in its pages. 

All six authors are members of the 
BBC Engineering Division, and each is 
a specialist in his field. The technical 
level is practical rather than academic 
and should present no difficulty to 
readers. 
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Mathematics of Engineering Systems 
(Linear and Non-Linear). 

B . F. Law eo e 
Methuen “& Co. Lid. 1844. Price’ 30. 
Bern techniques described in this book 

are very carefully explained in detail 
and copiously illustrated by a_ useful 
selection of examples from electrical 
engineering. After an _ introductory 
chapter on mathematical accessories— 
readers are assumed to know the first 
part of the mathematics for an engineer- 
ing degree—the author discusses the 
solution of linear differential equations 
with constant coefficients, using the D- 
operator, Laplace transform and then 
complex variable for response curves, 
but not dealing with inverse transforms. 
There is a chapter on Fourier analysis 
leading up to Fourier transforms. The 
final chapter describes very well the now 
standard methods of dealing with the 
non-linear equations of Van der Pol and 
Duffing. My real criticism of the book 
is that the title is completely misleading. 
There are vast numbers of engineering 
systems whose mathematics are not des- 
cribed: for example, Rayleigh’s method 
and partial differentiation are not men- 
tioned. A further criticism concerns the 
presentation of methods for non- -linear 
equations. The methods developed so 
far, excellent though they are, are 
severely limited in their application, 
unless numerical, and this should be 
made quite clear. Probably the only 
reason for spending so much time on the 
mathematics is that this is one field 
where the beginner can be brought into 
contact with fresh developments in the 
mathematics. 

G. J. Kynch. 


The Gyroscope Applied 

By K. I. T. Richardson. 384 pp., 120 figs. Royal 
8vo. Hutchinson’s Scientific and Technical Pub- 
lications. 1954. Price 
Ts is an excellently produced took 

based on “The Gyroscope and its 
Applications” which was pubiished in 
1946 when secrecy restrictions prevented 
reference to many interesting achieve- 
ments and possibil'ties. This new book 
has been almost entirely rewritten, des- 
cribing much that is new but at the same 
time incorporating most of the informa- 
tion given in the first version, although 
this is presented in a different manner and 
in some cases from a different view point. 

Unlike the first book which was written 
by several authors, this is the work of 
one man who is closely associated with 
the development of many forms of gyro- 
scopic application in many different 
spheres. It is believed to be one of the 
very few books that embraces in one 
cover as many of the different types of 
application as possible ranging from 
small intricate aircraft ee to 
large engineering projects, such as the 
roll stabilizers for 40 G00. ‘i liners. 


The Physics of Particle Size Analysis 


217 pp. Royal 8vo. The British Journal of 
Annee Physics Supplement No. 3. The Institute 
of Physics. 1954. Price 35s. 
To supp-ement presents the papers of 
the eight sessions of a conference held 
in the University of Nottingham from 6-9 
April, 1954. Comments are inciuded at 
the end of each paper, together with the 
authors’ replies. 
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LETTERS TO THE EDITOR 


(We do not hold ourselves responsible for the opinions of our correspondents) 


Feedback Amplifiers 


Dear SiR,—Despite the opening re- 
marks in his letter in the March issue, 
Mr. Moorby makes a rather confusing 
analysis of the simple feedback amplifier. 

First, the symbol Z; is used to denote 
two entirely different impedances (Figs. 
2 and 3) and then in deriving the expres- 
sion for g, @in and E;, are interchanged 
although they are totally different volt- 
ages. Z, is simply left by the wayside! 
Also, the terminals a-B in Fig. 3 cannot 
be regarded as the input terminals of the 
circuit. 

However, it so happens that the Z. of 
Fig. 2 can often be omitted without modi- 
fying the overal gain appreciably (though 
not in an exact analysis—and Mr. Moor- 
by makes no assumptions regarding the 
value of Z.). This is easily shown as 
follows with reference to Fig. 4. 


23 





-m 
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Rearrangement of feedback amplifier 





Fig. 4. 


From Fig. 4 Z. 
lows since 
(l+me 


=Z; (1+m). This fol- 
the voltage across Z; is 
and the input current due to 
én is therefore (At ™ex 

Zs 

Now Z.: is normally a very low imped- 
ance which allows Z, (being in shunt with 
Z;:) to be neglected in many cases. The 
overall gain (g) then becomes: 


gs=—m (5 “| See (1) 


o —* (2) 
Zi(1+m)/Z34+1 7°" +i 
If Z. is not much larger than Z,, it is a 
simple matter to modify the value of Z:: 
in equation (1) to take account of the 
shunting effect of Z:. .This gives an 
exact expression for g:— 
act eae Le ma 

8 = “(1/Z.+(1+m)/Z,) 

In many cases Z, may be chosen to 
provide the correct d.c. conditions with- 
out appreciably affecting the overall gain; 
Z, and Z; being chosen to fix the overall 
gain and with regard to loading of the 
source @in, loading of the output or by 
frequency response effects. In some 
cases Z,; may include or consist entirely 
of the source impedance of the generator 
€in, in which case only Z; need be deter- 
mined to fix the gain. 

No assumptions regarding the value of 
Z; need be made since the value of m 
can be modified to take Z; into account; 
Z; behaving as a load of m/1+m Z; on 
the amplifier. Usually m>1 and this 
approximates to Z;. 

Turning to output impedance, Mr. 
Moorby’s remarks concerning maximum 


seettes (3) 
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power output may be very confusing to 
the inexperienced. He implies that the 
maximum power transfer theorem does 
not hold for feedback amplifiers. If ein 
is fixed at a sufficiently low value, so 
that the amplifier is never overloaded, 
and the load impedance (Z1) varied, then 
maximum power output is obtained when 
Z.=Zo regardless of the application of 
feedback. It is true, of course, that 
maximum available power is obtained 
with Z;, equal to the appropriate opti- 
mum (not necessarily R,.) and with éin 
increased to fully load the stage, but a 
linear analysis made without regard to 
purely practical limitations such as avail- 
able current swing, d.c. operating points, 
etc.. cannot take this into account and one 
could define Zp as being equal to the load 
required for maximum power output— 
“linear operation” understood. 

Such operation is of course taken for 
granted in Mr. Moorby’s own analysis, 
where he considers Go as “the overall 
mutual conductance of the amplifier at 
the short-circuited output terminals.” 
This measurement would require a very 
low value of é@in, and must be done in 
a manner which will not disturb the d.c. 
operating conditions. 

Mr. Moorby points out a useful ap- 
proach in quoting Zo=g8./Go (I assume 
gD was a misprint for g,.) but he does 
not make clear that Go is the ratio 
of the short-circuit output current to @in 
and that it depends on Z,, Z, and Z;._ In 
fact he falls into his own trap in his last 
example when he quotes Go= Gm which 
is obviously not true. I am also puzzled 
in this example as to the significance of 
n.. (again I assume m=22.3 is a misprint 
for n=22-3). This figure is used instead 
of g in calculating Zo; Go being incor- 
rectly stated as =Gm. 

Go is easily derived with reference to 
Fig. 5. 








Fig. 5. Derivation of G, 


~euGu~1/Z.) 
Cin 
1 —1 /Zs) 


+ Zi/Zs+Zs/Z: 
a a 
ig 1+2Z:/Z3+2Z:/Z: 
(since in general Gm>1/Z;)— (4) 


It is interesting to note that 
Zo (=8/Go) is a function of Z. unless 
Z.:>Z, whereas the overall gain may be 
substantially independent of Z: even when 
Z:<Z, providing Z2>Z;/(1+m), which is 
often true. 

Finally, referring back to Mr. McDon- 
nell’s letter in the December issue, it will 


Gorio/ein= 
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be seen that for the simple “see-saw ” 
phase-splitter (anode-follower) where 
Z,=Z, and Z.>Z, then providing m>1 
so that g~l then Zo>=8/Go=1/Gm/2= 
2/Gm, assuming the output is taken direct 
trom the anode. It will be seen that the 
presence of the two R’s in Mr. McDon- 
nell’s less usual circuit modifies Go so 
that this expression does not hold. 


Yours faithfully, 
C. W. Warp, 


Plymouth, 
Devon. 


Amplifier Output Impedance 


Dear Sir,—I regret that in reading the 
proofs of my letter in the March issue, 
I missed some small errors, mainly in 
suffixes. May I therefore briefly correct 
the basic formulae. 


(1) Suffixes, o refers to zero load, 
© refers to infinite load, f to a finite 
(non-zero) load. 


(2) m is the gain of the amplifier 
measured from the grid to the “hot” 
end of the load, i.e. for a single stage. 
from grid to anode. g is the gain from 
the input terminal to the load. Obvi- 
ously, if the impedance between the grid 
and input terminal is negligible, m = g. 
Please note, that to agree with Fig. 3, in 
the derivation of equations for m, 1, 
©, g, the first equation in the last para- 
graph of column one should read 


as 8 
Zi zZ: 
We then get 


mn t gim-—1) 
G)é= Tipi- (ct) n a 


gint+ 1) 

gin 

I should like to modify my definition 
of the distinction between voltage and 
current feedback, as I find some small 
ambiguities in my original statement. I 
think that to get a true definition, we 
must proceed as follows. 

Consider Fig. 4, which is a develop- 
ment of Fig. 3 of my original letter. 
Here, e A.B. is the input, and e 3-4 the 
output, and 1 is the grid of the first stage 
of the amplifier since g=és./€,n and 
m = €@34/€:2 both of which may be 


iC) = 





measured. We can determine n = 
e(m— 
e—m Dia nte (b)). 


In the case of current feedback, 7 
varies with load impedance, while in the 
case of voltage feedback, n is independent 
of load impedance. This I now con- 
sider is the only concise and sufficiently 
rigorous definition available. 





In my earlier letter I put Go=G. 

This is incorrect as G = G —"— as will 
l+n 
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be obvious if we consider the anode 





earthy. The grid potential is then 
pet. eee: cog gles : 
me Tas whence Go>=G eer This 
gives Zo= __—m o(4+1) 


G(—-m, +n+1) 


Perhaps, having reduced the problem 
by the equations, to which we add Z, = 
g®/Go, we may assume that the distinc- 
tion is now dedundant, and that “ feed- 
back” alone is a sufficient statement. 
since if we attempt a definition in general 
terms, it is not always useful, and all we 


Reena) 


Fig. 4. Development of Fig. 3 (April) 


—02:4 





should really be concerned with is over- 
all gain (g) and output impedance (Z.). 


Yours faithfully, 
H. Moorsy, 
Farnborough, Hants. 


The Effect of Instrument Impedance 
in the Measurement of “Quality 
Factor” by Parallel Resonance 


Dear SirR,—When making electrical 
measurements, instrument impedances 
usually affect circuit behaviour, how- 
ever slightly. Here is one case where 
they have no overall effect whatever. 
In the circuit shown the aim is to 
find Q the Quality Factor for the 
imperfect physical inductance ZL. An 
a.c. voltage-generator maintains a con- 
stant voltage output E of any chosen 
angular frequency, ». C represents the 
setting of a decade capacitance box and 
R that of a non-inductive decade resist- 
ance box. The losses in the capacitance 
C are assumed to be negligible compared 
with those of inductance L. 
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Fig. 1. Measurement of Q 


_With the measuring instrument out of 
circuit and at the resonant frequency 
#,=1/V(LC), the impedance Z is purely 
resistive and equal to R. the loss resist- 
ance of L at frequency n. 

Quality Factor is defined at O=Lwn/R.. 
If V. and V are the true voltages across 
R. and R respectively 


R. = R. VelV coe eercceecseeereeesesccces (i ) 
The Quality Factor Q is, therefore, 
Ba(Ean RNY [Va) scvicescceeceses ((2) 


As L w, and R are known, Q can be 
computed from equation (2) if the voltage 
ratio V/V. is known. 

To measure the ratio of voltages across 
R. and R, an instrument such as a 
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cathode-ray oscillograph or a valve-volt- 
meter might be used. Whatever the in: 
strument, it will in general have an input 
impedance Z. having both reactive and 
non-reactive components. The  con- 
nexion of the instrument across R. and R 
in turn as shown by dotted and chain- 
dotted lines will result in the recording 
of voltages V; and V: which will differ 
from V. and V respectively. It is shown 
below that provided the circuit is reson- 
ated by some means without the measur- 
ing instrument in circuit 
V2/Vi=V/V. eee eee eeereses (3) 
If the resonance at frequency , is de- 
tected by the measuring instrument by 
noting when the adjustment of C makes 
V, a maximum, then the atove result still 
holds providing Z. is non-reactive. 
It can be seen from equations (2) and 
(3) that : 
Q=(Lw,/R)V:/V:) for all values of 
Mag os ged ieee ig Ucar uesh nde etates anaes (4) 
This is proved as follows. In the dotted 


position for measuring V:, the line-current 
i; is 


ae bay. 
cpl ee TER a 
a7R. 4 t2jy* ® 
_ (/Re + 1/26) 
ics 1 
(1/R. + 1/Z.) * . 
E 


1+R(1/Re+1/Z.)+1 
In the chain-dotted position for measur- 
ing V; the line-current i is 
E 
«+ (7R+1/Z.) 
E 
(1/R+1/Z.) 
> } = I 
Peppard in 
(1/R+1/Z.) 
R.1/R+1/Z.)+1 
Hence 
V./Vi= 1+R(1/Re+1/Z.) 
a ORR ZO +s 
ReZe + R(Ze+Re)] _ 
RZ. +R) + RZ. ]-R7R. 
ree APPT e (5) 
By comparing equations (1) and (5) 
equation (3) is proved. Hence equation 
(4) follows from equations (2) and (3). 
Yours faithfully, 
J. P. DUNCAN, 


Engineering Department, 
University of Manchester. 


=R/R, 


Computers and Computors 


Dear Sir.—I am writing with regard 
to recent letters on the spelling of 
“computer/or”. I don’t think the matter 
worth prolonging in print, as my point 
of view is not altogether one of great 
importance to the practising computer/ 
or engineer. 

The suffix -er is the normal English 
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suffix for the agent, thus: ; 
Computer, one who or that which 


computes. 
Commenter, one who comments. 
The suffix -or is the normal Latin 
suffix for the agent, thus: 


Computator, from “computare” = 
computer, 

Commentator, from “commentari” 
= commenter, 

Commentor, from ‘“comminisceri” 


an inventor, 


usually in the sense of a faker, but never 
adopted into English. I cannot agree 
that ‘“ccommentor” is a correct form of 
“commentator”. It has been used in this 
sense, as a variant spelling of “com- 
menter”, see the OED, but, to quote A. P. 
Herbert, the dictionary “is a pusillani- 
mous work, preferring feebly to record 
what has been done rather than stating 
firmly what should be done”. Notwith- 
standing this, the OED will have nothing 
of “computor”’—‘bad spelling of ‘com- 
puter’”, and from the purely classical 
standpoint one has to agree. 

The case for “computor”, I therefore 
take it, is not one of good philology but 
necessity for the distinction to be 
invented where none previously existed. 
{ submit that there is still no necessity. 
If a context is such as to leave one in 
any doubt, it should be rewritten, rather 
than having to rely on an inaudible 
distinction to make the matter clear. 

(I should, parenthetically, remark that 
“computor” is not, nor is it ever made 
out to be, part of the systematic ter- 
minology that has given us such philo- 
logical horrors as “impedance”, which 
if it had to be a Latin word with a Latin 
tail would have been “ impedience ”— 
compare “expedient”.) 

As regards a distinction which some 
claim by which -er is a person and -or 
a thing, I know of no other example, 
except that I suppose that the wartime 
underground movement wasn’t made up 
of resistors! Indeed, I am not aware of 
any significant use of the suffix -or in 
English (as opposed to in words of Latin 
origin taken over intact) except in the 
electronics use of “a component embody- 
ing -ance”, and it is manifest that “com- 
putor” is indefensible on this ground. 

Perhaps there is a case for the defence 
of “computor”’—if so I should like to 
hear it. I have a difficult enough time 
in the Cambridge computer world per- 
suading people that “program(me)” 
doesn’t mean anything like what the 
Greeks meant by it—a public notice— 
but what the French adapted it to mean, 
and so that there is a case for continuing 
to spell it as the French do and most of 
the English, if not the Americans. 


Yours faithfully, 
JoHN LEECH. 
King’s College, 
Cambridge. 


Several other letters on this subject 
have been received but we feel that the 
one printed above summarizes the matter 
fairly and this correspondence is now 
closed. In view of the arguments put 
forth (and with which Mr. Puckle, our 
original contributor on this subject, is 
now in agreement) the spelling in this 
journal will be changed to computer.— 
EpITor. 
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Short News Items 


The Governors of The College of 
Aeronautics announce the creation of a 
Department of Aircraft Electrical Engin- 
eering and the appointment of Mr. G. A. 
Whitfield as Professor and Head of 
Department. Mr. Whitfield will take 
up his appointment on 1 June. He is 
at present head of the Controlled 
Weapons Division in the Armament 
Department at the Royal Aircraft Estab- 
lishment, Farnborough. This appoint- 
ment is in fulfilment of the Governors’ 
policy of expanding the Electrical Sec- 
tion of the Department of Aircraft 
Design into a full teaching department. 


Metropolitan-Vickers Electrical Co Ltd 
has endowed four Post-Graduate Bur- 
saries in Electrical and Mechanical 
Engineering, each of the value of £400 
per annum, in the University of Man- 
chester. Two of these bursaries will 
normally be tenable in the Faculty of 
Technology of the University at the 
Manchester College of Technology. The 
Company has also endowed three 
similar bursaries tenable in the Mechani- 
cal and Electrical Engineering Depart- 
ments at the Imperial College of Science 
and Technology, London. A particular 
purpose of these bursaries is to encour- 
age graduates in physics and mathe- 
matics to undertake post-graduate study 
or research in engineering in prepara- 
tion for entry into the electrical in- 
dustry. 


The Royal Society recently elected 25 
persons into the Fellowship, among 
whom were the following. D. R. Bates, 
Professor of Applied Mathematics, The 
Queen’s University, Belfast. S. Devons, 
Professor of Physics, Imperial College 
of Science and Technology, London. 
A. C. B. Lovell, Professor of Radio 
Astronomy, The University of Man- 
chester. 


Export .Packing Service Ltd have 
opened a new Packing Design and 
Development Department at the Chip- 
ping Warden centre. There are depots 
at Banbury, Sittingbourne, Merthyr 
Tydfil and Cardiff. 


Aero Research Ltd of Duxford, makers 
of “Araldite” epoxy resins, state that 
greatly increased output of these pro- 
ducts has made it possible to reduce 
manufacturing costs and, with them, the 
prices at which “Araldite” can be pur- 
chased. These reductions apply to nearly 
all forms of the resin. 


St. Erik’s Fair, Stockholm. will be held 
this year from 27 August-11 September. 
Last year twenty-nine countries partici- 
pated, the average attendance being 
400 000, including 80000 trade buyers. 
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The British Plastics Convention will be 
held at the National Hall, Olympia, from 
1-11 June. Details may be obtained from 
the Press Officer, British Plastics Federa- 
tion, 11 Garrick Street, London, W.C.2. 


The Board of Extra-Mural Studies, 
University of Cambridge, announce that a 
Summer School in programme design 
for automatic digital computing machines 
will be held in the University Mathe- 
matical Laboratory at Cambridge during 
the period 12-23 Septemter. It will be 
along the same lines as those held pre- 
viously. A detailed syllabus and form 
of application for admission may be 
obtained from Mr. G. F. Hickson, Secre- 
tary of the Board of Extra-Mural Studies, 
Stuart House, Cambridge, to whom the 
compieted application form should be 
returned by 15 June. 

The University of Cambridge is also 
arranging a third course for managers 
in industry. It will be held in Madingley 
Hall from 27 June to 22 July, and will be 
open to managers who have some years’ 
experience in industry and commerce and 
are under the age of 40. Firms can 
obtain details from Mr. G. F. Hickson at 
the address mentioned above. 


The Radio Industry Council announce 
that exports of British radio equipment 
reached new high levels in 1954. The 
provisional vaiue is over £29 100000. 
Th’s ‘s £3300000. more than 12 per 
cent, higher than the value for 1953. the 
previous highest figure. 


W. Bryan Savage Ltd.. have appointed 
John Ould Ltd., of 389 Fifth Avenue, 
New York 16, N.Y., to act as their sole 
concessionaires for the United States of 
America. This new British enterprise 
has been formed to operate as a sales 
organization for manufacturers of elec- 
tronic and allied equipment in this 
country. American inquiries for W. 
Bryan Savage Ltd. products should be 
sent to Mr. Howard M. Layton, Sales 
Director, at the address mentioned. 


The BBC announces that the first of 
its new v.hf. transmitting — stations, 
using Frequency Modulation, will be 
brought into service at Wrotham, Kent, 
on 2 May. The new station will transmit 
the three BBC programmes, the Light 
Programme on a frequency of 89-1Mc/s, 
the Third Programme on 91-3Mc/s, and 
the Home Service on 93-5Mc/s. T 
effective radiated power will be 120k 
in each case, and the transmissions will 
be horizontally polarized. The station 
will serve the London area and South- 
East England within a range of about 
fifty miles. 
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Mr. Isaac Shoenberg has _ been 
appointed a Director of Electric and 
Musical Industries Ltd. Mr. Shoenberg 
has been eminent in the research and 
development of radio for fifty years. He 
has been with E.M.I. since its formation 
in 1931. Last year he was awarded the 
Faraday Medal for his outstanding con- 
tribution to the development of High 
Definition Television. 


The Ministry of Supply announces 
that Mr. C. J. Carter has been promoted 
to Deputy Chief Scientific Officer and has 
been appointed Director of Instrument 
Research and Development. 


Air Marshal Sir Victor Goddard, 
K.C.B., C.B.E., has joined Elliott 
Brothers (London) Ltd as an Assistant 
(Air) to the Managing Director. 


Mr. R. L. S. Saunders has been 
appointed Assistant Engineer-in-Chief of 
Cable and Wireless Ltd. 


Mr. J. P. A. Meldrum and Mr. R. H. S. 
Turner have been appointed Directors 
of Metropolitan-Vickers Electrical Co 
Ltd. 


The Independent Television Authority 
have made the following appointments. 
Mr. M. Beresford-Cooke, Senior 
Planning Engineer. Mr. R. C. Harman, 
Superintendent Engineer (Operations and 
Maintenance). Mr. W. N. Anderson, 
Senior Lines Engineer. 


Mr. H. T. Greatorex is now Assistant 
Head of the Engineering Information 
Department of the BBC. Mr. T. | 
Douglas has teen appointed Engineer-in- 
Charge of the Sutton Coldfield Television 
Station. 


Mullard Ltd exhibited — electronic 
equipment and electron tubes at the 
recent exhibition of the Institute of 
Radio Engineers in New York. Some 
of the exhibits represented the latest 
developments of British electronic re- 
search. 


The Council of the Radio and Elec- 
tronic Component Manufacturers’ Feder- 
ation recently elected Mr. C. M. Benham 
as Chairman in succession to Mr. W. F. 


Randall. Mr. Benham is Managing 
Director of Painton & Co Ltd, Kings- 
thorpe, Northampton. Mr. S. H. 


Brewell, Chairman and Managing Direc- 
tor of A. H. Hunt Capacitors Ltd, was 
elected Vice-Chairman. Mr. Hector V. 
Slade remains Honorary Treasurer. 


Erratum. In the description of “A 
Very High Speed Camera” on page 153 
of the Aprii issue the frame rates given 
in the table should read 2x 10°, 1x 10°, 
etc., and not 2x 106, I x 106, etc. 
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4 ae : Large quantities of Ediswan Clix P.T.F.E. Valve- stringent valveholder applications. 

cn ih holders are used in B.B.C. Television equipment. Ediswan Clix P.T.F.E. Valveholders are fully 

. Te Only the combination of the finest insulation— type approved for Services Grade 1, Class 1 con- 
P.T.F.E., the most efficient contact material — ditions. Full details of these valveholders and 
Berylium copper — and Ediswan Clix design and other components in the Ediswan range are given 

Elec- manufacture can match the requirements of in catalogue CR. 1681. Manufacturers and 


Development Groups may have a copy on request. 


eder- | efficiency and reliability in this and all other 


4 EDISWAN 


“? CLIX 


PVs 
RADIO, TELEVISION & ELECTRONIC COMPONENTS 
a THE EDISON SWAN ELECTRIC COMPANY LIMITED, Member of the A.E.1. Group of Companies 
‘iven 155 Charing Cross Road, London, W.C.2 and Branches. Telephone: Gerrard 8660. Telegrams: Ediswan, Westcent, London 
10°, cR3 Radio Components Sales Office: 21 Bruton Street, London, W.1. Telephone: Mayfair 5543 
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AN “AIRMAX” PATENTED 13’ Diam. FAN 
IN PRODUCTION 


The fan illustrated is one of our. range of 
ELECTRONIC, AIRCRAFT, INDUSTRIAL AND 
MARINE FANS. Engineered in accordance with 
K114, RCSI000 and other relevant Ministry 
specifications. 


All our fans can be fitted 

with alternative rotors for :- 
High Volume with Low Pressure, 
Low Volume with High Pressure 
or any Intermediate Duty. 





Available in quantity on 6v, I2v, 24v, or fitted with specially constructed B.T.H. motor on 
115v, 400c/s, 3ph. 200v, 400c/s, 3ph. 
115v, 400c/s, Iph. 4 200v, 400c/s, Iph. 


| Designed by the world pioneers of high efficiency axial flow fans 


A. K. FANS LIMITED 


20 UPPER PARK ROAD : LONDON -: N.W.3 


Telephone: PRIMROSE 5969/9995 
ON ADMIRALTY LIST. A.I.D. APPROVED 











HEAT-TREATMENT 
SCORE MARKS 
SCUFFING 
GALLING 


ed ELIMINATED 
Bm. 


ST. ANDREW'S ROAD 
HUDDERSFIELD ENGLAND 
HUDDERSFIELD 6263/4 











_N.C. ASHTON LTD. 


CW 2575 
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85/10 
SMAF BN 41404 


ONE Signal Generator 


AM: FM VIDEO & 









MODULATION ! | 
RANGE... 4-300 mc in 8 bands. " 
OUTPUT.................. 0.05 nV to 50 mV 
AM internal... 1000~ 0-80% 

External..........30~/100 kc 0-80% 

POG Geetereel.................cc..ccc... 1000~ 
External........................ 30~/20 ke 
Deviation......................... 0-100 ke 

VIDEO External... 0-6.5 Mc 
eT 2 LE Aaah res over meee +3 dB 











iil asses italiani 10 to 100% 


COMBINED AM/FM by using Internal 
AM, External FM or vice versa Y 





AVELEY ELECTRIC wp. 


Type SMAF BN 41404 illustrated 
is one of 24 Signal Generators Psses ROAD, AVELEY, ESSEX 
London Office: 44 Tottenham Court Road, W.1 


covering the Range 
: 7 cles to 5000 Mc/s U.K. Concessionaires for Rohde & Schwarz, Munich 
Telephone : LANgham 7097. Telegrams: AERSALE, WESDO, LONDON AVELEY ESSE* 








THADDONS A.1.D. APPROVED 


TRANSFORMERS LTD. 


27-37 MASONS AVENUE, 
WEALDSTONE, MIDDX. 


Telephone 
HARROW 9022/3/4/5. 

















V.L.F. — POWER and 
AUDIO FREQUENCY 


TRANSFORMERS 





Open or Enclosed Types — For all climatic conditions 
CONTRACTORS TO ALL GOVERNMENT DEPARTMENTS 











4 


MAY 1955 73 ELECTRONIC ENGINEERING 








LUMPED CONSTANT 
DELAY NETWORKS 






CONSTRUCTION 


L/C type, with coils wound on 
slotted lowloss formers. Silver- 


Standard}Types for early delivery 








mica capacitors of 2% tolerance. 
INO. & TYPE D.C.Q | RISE TIME 

FINISH OF _| (APPROX.)} 10%-90% 

Resin-cast, for long-term stability and TYPE DELAY zo | SECTIONS | et oe oe 

to withstand full tropical conditions | 

(—50 to + 110°C.) OS1S510 | ‘Syusec. | 1-5K 10T 200 <-15 usec. 
101010 | | IK 107 350 ex = 
100520 ta 5002 207 sa | <5 » 

INSULATION RESISTANCE 202010 2 i: aK ee On $s? ; 
205020 * T Re ee, ’ 

greater than 1000 megohms <a3800 ; +9 aoe On S%4s 








WORKING VOLTAGE 750V peak 
ee ea ATKINS, ROBERTSON & WHITEFORD 


qe” x 6B.A. clearance for standard types 





. ee LIMITED 
Prices on application 100 TORRISDALE STREET, GLASGOW, S.2 
Inquiries invited for special types Telephone : POLLOK 2933/4 Telegrams : ‘‘ATROWHIT, GLASGOW”’ 


BLICKVAC HIGH VACUUM & PRESSURE IMPREGNATORS 
POTTING RESIN PLANT and ELECTRIC OVENS 


A Blickvac Impregnator will enable you to give your s | 
Coils better insulation and a longer life and to meet the 
most stringent Specifications. 





Full range of Models available suitable for Varnish, 
Wax, Bitumen and Potting Resins. 


Special Features : 


@ Ease in control 

@ Ease in cleaning 

@ Elimination of Vibration 

@ Unequalled flexibility and performance 


@ Simple attachment of auxiliary autoclaves 


Users include: M.O.S., N.C.B., Marconi, Pye, Vickers- 
Armstrongs, G.E.C. and Metro-vick. 


Write today to:— ; 


BLICKVAC ENGINEERING LTD., Bede Trading Estate, Jarrow, Co. ae a 


London Office : 96/100 Aldersgate Street, London, E.C.1. 
Associated with Blick Time Recorders Ltd. enareh Coens 
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FOR RESEARCH, DEVELOPMENT AND EDUCATIONAL LABORATORIES 











i! 


The practical study of 
Magnetic Amplifiers 


ELLIOTT Magnetic Amplifiers are valveless, extremely rugged and operate for 
almost unlimited periods without maintenance. They provide D.C. amplification 
with high stability and are particularly suitable for current and power amplification from 
low impedance sources. 
To enable Engineers and Students to acquaint themselves practically with 
techniques of magnetic amplification ELLIOTT have designed this Demonstration 
Magnetic Amplifier. A comprehensive handbook supplied with the instrument 
describes the principles employed and gives 


a L i O 7 i details of experiments which demonstrate the 
advantages of the various circuit arrangements. 
DEMONSTRATION MAGNETIC AMPLIFIER 


Send for full details 
ELLIOTT BROTHERS (LONDON) LTD., GENTURY WORKS, LONDON, S.E.13 (TIDEWAY 5252) 
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| There are 399 Standard types of 
‘SOMERFORD’ Transformers 
and Chokes IN STOCK ..... 




















CR} GARDNERS RADIO LTD., SOMERFORD, CHRISTCHURCH, Hants. Tel.: 1024 

















HIGH GAIN FREQUENCY 
SELECTIVE AMPLIFIERS 






awe We 


Production manufacturers 
of torsion, tension and 
compression springs of all 
types, pressings, clips, 1.F: 
cans, valve screening cans, 
valve shrouds,-and sole 
manufacturers of the most 
advanced shock absorp- 
tion device—‘‘METPAKS”” 
Shock Absorbers. 





for thermocouple or other applications. 


@ Voltage gain 5 x 10’ maximum. 


: : ; i ly on— 
@ Plug-in filter units enable carrier Leading manufacturers rely on 


vs Ss 
frequency in the range 5c/s to 2kc/s 
to be chosen to suit a range of | 


applications. Band-width approxi- 


mately 7% of carrier frequency. | s a R I N C & L T 1) e 


BARR & STROUD LTD. FULL VIEW WORKS — 
ANNIESLAND, GLASGOW, W.3 _ .KENNEL RIDE - ASCOT - BERKS. 


15 Victoria Street, London, S.W.|. | Telephone: Winkfield Row 427 - Telegrams: Brayhead Ascot 
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MINIATURIZATION 





‘Tiny valves and transistors demand tiny components to accompany them. Whether you are working on 
i, television for Bands III and IV, Band II Radio, computors, industrial electronics or test gear, these ;:::: 
components will undoubtedly interest you. Deserving of special mention are the tiny BTS type: 
: 4-W. resistor measuring only 3” x }” and the type 400 metallised paper capacitor in its : 
melt-proof cover. For those of you concerned with tropicalization, BTS, BTB . 
and BWF2 resistors, YN-potentiometers and metal ‘ minicap ’ capacitors : 
will be of special interest. To those of you engaged on 
Government contracts we should like to mention 
that the metal ‘ minicap’ capacitor and the type 
BTS and BTB resistors are type-approved. 
Send for samples and catalogues by 
dropping us a line on your com- 
pany’s letter-heading. 


DUB AE 


DUBILIER CONDENSER CO: (1925) LTD., DUCON WORKS, VICTORIA ROAD, NORTH ACTON, LONDON, W.3 
Telephone: ACOrn 2241. Telegrams: Hivoltcon. Wesphone, London. Marconi Int. Code. 































DN. 125A « 
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Nowhere else will you 

find an exhibition specialising in 

instruments and instrumentation, 
of the size and scope of 


THE BRITISH INSTRUMENT INDUSTRIES EXHIBITION 


Every field of instrumentation in Power Supply, Industry, Medicine, 
Research and Education is covered. You will be able to see all 
classes of temperature pressure and flow controllers for industrial 
use, electrical measurement and control, complete equipment for sea 
and air navigation and land surveying, scientific instruments and 
equipment for all laboratories, electronic instruments for all applica- 
tions and precision equipment in such diverse fields as metrology. 
photography and engineering design. 

The full scope of the products of the British Instrument Industry 
will be revealed at this exhibition—conveniently displayed all on one 
floor! Evidence has shown that production can be considerably 
increased and quality greatly improved by thé use of appropriate 
instrumentation and control. Industrialists will find a visit to the 
exhibition extremely rewarding. 


F. Ww. BRIDGES & SONS LTD., Grand Buildings, Trafalgar Sq., London, W.C.2 


Phone: WHITEHALL 0568 Telegrams & Cables: sEGDIRB, RAND, LONDON. 
























Make your reservations now 


During the last few days of this exhibition, 1pFx 

~the 10th International Printing Machinery and 
Allied Trades’ Exhibition will be opening at nearby 
OLYMPIA. Hotel accommodation will be in great 
demand. Book yours now. If you require any 
assistance, or an official catalogue of the British 
Instrument Industries Exhibition when published, 
write to the Organisers. 








Cup-type BARRYMOUNTS are designed primarily to absorb high- 
impact shocks with concurrent isolation of frequencies above 40 c.p.s. 
and general sound isolation. Utilisation of rubber in compression 
with substantially equal stiffness in all directions provides a smooth 


load-deflection curve. 


Load ratings indicated for Mobile Applications (including shipboard 
installations) are such as to ensure a vertical natural frequency between 
25 and 35 c.p.s. The design and assembly of the metal parts are such 


that they are self-captivating for maximum security. 


Samples are available immediately ex stock. 


here are also atr-damped types 
available for the protection of 
airborne equipment. 3} A R RY 
Barrymounts are made in England 


under licence from Barry Controls 
Inc. of U.S.A, 
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CEMENTATION (MUFFELITE) LTD., 39 VICTORIA STREET, LONDON, S.W.1 





MAY 1955 














[PEX 
and 
irby 
reat 


tish 
led, 











MAY 


FOR 


Quartz Crystals Gee 


Prompt Delivery, all types, 2,000—20,000 kc/s 


When ordering 10X replacements, why not use our hermetically sealed Type 2XL? 


CATHODEON CRYSTALS LIMITED 


LINTON CAMBRIDGESHIRE Telephone LINTON 223 
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. . . Berco Toroidal Wound Power Rheostats to suit every 

specification. Made in 5 sizes and of rugged construction to 

combine highest mechanical strength with maximum electrical 
performance, Bercostats are, if required, supplied with :— 





* ‘Off’ positions at either end of the winding. 
* Rear extended spindles, or screwdriver slotted spindles. ¥ Locking devices. ¥ Tappings and graded Yy 


windings. * Automatically operated toggle switches to open or close at either end of the winding. 


All models are vitreous enamel bonded and can be supplied with standard pressed 
steel covers for front of board mounting. Multi-gauged units with any 


combination of ohmic values are also available. ules 





ee BERCO 7orRoIDAL RHEOSTATS 


Ask for List 613A, which gives full technical details and prices, from 
THE BRITISH ELECTRIC RESISTANCE CO. LTD., 


Queensway, Ponders End, Middlesex. Phone: Howard 1492. Grams: Vitrohm, Enfield 
Pioneers of the toroidally wound power rheostat in England 








ee * as BR1201-BXH 
Complies with 
yy ig Wherever an efficient combination 
on gy egg of mechanical strength and sound 
RCS 1000 insulating properties is required, 
specification ‘Pirtoid’ provides the modern 


answer. 
Superior under severe operating 
conditions, resistant to shock 
loading, easily punched to yield 
clean, sound blanks, amenable to 
effective drilling without delamin- 
ation, ‘Pirtoid’—for Terminal 
Supports and Bases, Brush 
Holders, Bobbins and Coil Form- 
ers, Panels, Insulating Bushes and 
Handles—is the material of the 
moment. 













Just between 
ourselves... 
and electricity 


you need PPE RTOLD insulated laminate 


PIRTOID IS A SYNTHETIC RESIN BONDED LAMINATED FABRIC OR PAPER BASED 
SHEET TO APPROVED A.I.D. SPECIFICATION AND CAN BE MACHINED, FORMED 
OR MOULDED TO ANY SHAPE 





Manufactured solely by H. CLARKE & CO (MANCHESTER) LTD ATLAS WORKS PATRICROFT MANCHESTER 
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VALVE RETAINERS 


FOR ELECTRONIC EQUIPMENT 


Electrothermal Valve Retainers are available to fit any type, 
make or size of valve. Whatever the problem, a suitable Valve 
Retainer can always be supplied. Inter-Service type approved, 
they can be specified and used with complete confidence. Write 
now for your copy of the Electrothermal Valve Retainer and Data 
Manual. 

Suitable for:— 

Miniatures, Top Cap Connectors, C.R.T.’s, standard 

and non-standard Valves. 


Electrothermal Engineering Ltd. 


270 NEVILLE ROAD, LONDON. E.7 Telephone GRAngewood 0055 











HILTON RELAYS HILTON RELAYS HILTON RELAYS 


HILTON KeZys 


Laie? tot ity | am 





FOR INFORMATIVE SWITCHING 
AND POWER HANDLING ... 


HILTON ELECTRIC CO. LTD. 


52 POOL STREET, WOLVERHAMPTON. PHONE: 22783 
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an open 


“ nottation 


to all manufacturers 
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Photo Flash Equipment 
Deaf Aids 


Private Telephone 
Installations 





Amplifiers 

D.C. Power Units 

Spot Welding Equipment 
Test Gear 

Magnetisation Equipment 


You are invited to regard the TECHNICIANS 
at DALY as a part of your own technical staff. 
Non-standard components are invariably a source 
of worry, therefore the Electrical Industry find the 
‘DALY ‘“* made-to-measure ”’ service for individual 
requirements specially helpful and a great time-saver. 

For URGENT problems a telephone request 
will bring us post haste to your factory for consulta- 
tion without obligation—and you will’ find our 
readiness to help both valuable and economic. 


DALY ELECTROLYTICS for ELECTRONICS and 
COMMUNICATIONS ... MOTOR START... 
RADIO and T.V. ... are in great demand throughout 
the world ; send for appropriate pamphlet. 


DALY 


ELECTROLYTIC CAPACITORS 


CONDENSER SPECIALISTS FOR OVER 20 YEARS 


DALY (CONDENSERS) LTD., WEST LODGE WORKS, 


THE GREEN, EALING, LONDON, W.5 


Phone: EALing 3127-8-9. Cables : DALYCON, LONDON 








ELECTRONIC ENGINEERING 


VISUAL VALVE TESTER 





This equipment displays on a cathode-ray tube 
a family of la/Vg curves for any receiving type 
thermionicvalve. Eleven curves corresponding 
to eleven different grid voltages are presented 
simultaneously and a calibrated graticule 
permits rapid comparison with published data. 


Nine standard valve bases are provided, with 
facilities for connecting others, and the various 
valve electrodes are connected to the requisite 
supplies by a multi-button switching board. 


This permits any electrode to be connected to 
any supply without damage and also enables 
electrodes to be paralleled for test purposes. 


All external parameters Va, Vs, Vh, Vg, are 
continuously variable over a wide range and 
current and voltage values are metered. 

Full technical data is available on request. 





ct. 





CINEMA 











A COMPANY WITHIN THE J. ARTHUR RANK ORGANISATION 





WORSLEY BRIDGE ROAD »: LONDON -:_ S.E.26 
HITHER GREEN 4600 


SALES AND SERVICING AGENTS : 

Hawnt & Co. Ltd., 59 Moor St. Birmingham, 4 

Atkins, Robertson & Whiteford Ltd., 100 Torrisdale Street, Glasgow, S.2 

F.C. Robinson & Partners Led., 122 Seymour Grove, Old Trafford, Manchester, 16 
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A NEW range.of Variable Transformers 


FOR THE FULL VARIABLE CONTROL OF MAINS VOLTAGE 


Features 








| Ratings from 260 VA- 
2080 VA in single units. 


nr 


1 and 2 Kva units can be 
ganged for 3/phase opera- 
tion etc. 








DOUBLE CURRENT All metal construction. 
By parallel - connecting 
two mechanically coupled 
variable transformers (see 
above), the maximum 
output current is doubled. 


> w 


Bench and Panel mount- 
ing models available. 


mee ce ee ce ee ee ee ee ee ae 


For full technical specification and dimensions etc., write to: 


PHILIPS ELECTRICAL LTD 


4 : INDUSTRIAL PRODUCTS DIVISION 








‘J CENTURY HOUSE - SHAFTESBURY AVENUE - LONDON - WC2 
(PMI,0078) 











WORLD - WIDE 
SERVICES 


Redifon offers these many 
services to those who are 
interested in Communica- 
tions and Industry. If you 
have any problems in these 


fields we shall be pleased to 





discuss them with you. 


REDIFON LTD.. BROOMHILL ROAD, LONDON, S.W.18. Telephone : VANdyke 7281 


A Manufacturing Company in the Rediffusion Group 
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Cillocks and boffins 


pus a ile S WITCHCRAFT 


provide the answers 








The neck switch with cover We are indebted to the Director 
removed to show how the of the Grassland Research Insti- 
Burgess Micro Switchette is tute, Hurley, nr. Maidenhead, 
operated by the _ elliptical Berks, for permission to give 
actuator when the head is publicity to this valuable work 
bent forwards. for agriculture and the nation. 


BURGESS MICRO SWITCHES 
AID GRASSLAND RESEARCH 


To obtain data on bovine reaction to various types of grazing, the Grassland Research Institute at Hurley have designed 
and produced ingenious automatic recording equipment which is harnessed to grazing bullocks in the manner illustrated 
above. Certain tell-tale movements of the animals are carefully recorded to provide precise data with which to build 
up complete diaries of the day to day happenings in their lives.* 








Burgess Micro Switchettes play important roles in this scientific investigation, 


1 
three being employed in each harness. One Micro Switchette is operated by cam _ |! TYPE V3 BURGESS 
: MICRO SWITCHETTE 


action from the elliptical actuator resting on the bullock’s neck, the switch operating 
when the head is bent downwards during grazing. Two more Micro Switchettes 
are built into small pressure-plate switches situated.in the lower portion of the 
belly band and operate when the animal lies down. All three Micro Switches are 
wired to recording gear carried on the bullock’s back. . 


This application exemplifies in a striking way the versatility and complete reliability 
of Burgess Micro Switches which are being used with equal confidence in scientific 
research and in industry. No matter if you have no bullocks in your factory, there 
are switches in our range which will give you long, trouble-free and accurate 
performance. Catalogue No. 50 provides all the (fat) stock prices. 


BURGESS MICRO SWITCHES 





*% CANAWAY, R. 7., RAYMOND, 
W. F., and TAYLER, F. C. The 


Industry’s Automatic Choice automatic ‘recording’ of —amienal 
behaviour in_the field. j 
BURGESS PRODUCTS COMPANY LTD., Micro Switch Division, Dukes Way, Team Valley, Electronic on 27 (April 


Gateshead 11. Telegrams : Micro, Gateshead 11. Telephone : Low Fell 75322 (3 lines). 


& 
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CLAMP YOUR WORK HYORAULICALLY/ 


to 

_. <older shows how N 
Aw" SLASH Bh 
ASSEMBLY cLANt..« 


PRODUCT 








Simple « Inexpensive 
Instantaneous for 








iy A MILLING 

DRILLING 

POWER JACKS | wane 
LIMITED GLUEING 

VALETTA RD.- ACTON - LONDON: W3 and every 


TEL: SHEPHERDS BUSH 3443 (4 lines) - GRAMS. NEWSORBER EALUX LONDON ¥ 
Clamping Problem 





1060 








A. V. ROE & CO. LTD., 
have the following vacancies in their 
WEAPONS RESEARCH DIVISION 


at 
WOODFORD 


TECHNICIANS 


For design and development work in a guided 
weapon project. At least 3 years experience 
in electronics or H.N.C. is necessary. 


JUNIOR AND SENIOR DRAUGHTSMEN 


For design work in precision instrumentation. 
At least 3 years experience in design precision 
engineering or H.N.C. is necessary. 


GOOD SALARIES AND PROSPECTS 


PENSIONS AND LIFE ASSURANCE 
SCHEME 








Application giving full particulars of age, 
qualifications and experience to be addressed 
to :— 
A. V. ROE & CO. LTD., 
WEAPONS RESEARCH DIVISION, 
f WOODFORD, CHESHIRE. 
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Opportunities 
in Component 
Development 


The Plessey Co., Ltd. is continuing the expansion of 
its laboratories associated with the production of 
radio, electronics, and electrical components at Ilford 
and in other areas of Southern England. There are 
projects planned or-in progress embracing many types 
of components for Government service, including 
interesting work in connection with high temperature 
operational conditions. The design of many 
components used in the commercial field is also being 
reviewed so that advantage can be taken of recent 
developments in special purpose production plant, 
together with improved techniques and materials. 


There are vacancies for technical staff to engage in the 
following fields of activity 

Variable Capacitor and Switch Design « Transformer design « Tele- 
vision circuit development -« Television Scanning Components 
V.H.F. and U.H.N. Tuner development « Vibrator and Relay Design 
Vibrator Power Unit investigations + R&.F. and I.F. Inductors 
Loudspeakers, Pick-ups and Transducers + Type approval testing 
and materials investigation. 

Engineers and Physicists with experience of mechanical 
or electrical design, circuit technique or production 
methods will be eligible for posts as product develop- 
ment engineers, and there are several senior posts 

where the ability to direct a team of assistants is 
required. 

A degree or associate membership of a professional 
institution is preferred but extended practical experience 
will be an acceptable substitute in some cases. 

Vacancies also occur for both senior and detail 
draughtsmen. Applicants experienced in the design 

of small mechanisms or familiar with mass production 
methods will be favourably considered. 

Young men wishing to obtain experience of design 

and manufacturing problems will find good opportuni- 
ties for extending their training in a practical direction. 
Those about to complete courses at university or tech- 
nical college and National Servicemen technicians 

due for release in the near future will be accepted as 
technical assistants or trainee draughtsmen to engage 

in one or more of the fields listed above. 

There are excellent opportunities for advancement to 
more senior positions. 

All positions on the laboratory staff are permanent 

and pensionable, while salaries and working conditions 
are fully comparable with those existing elsewhere 

in the engineering industry. 


ie 
7 
Applicants should write in confidence to 


THE PERSONNEL MANAGER, 
THE PLESSEY CO. LTD., 
ILFORD, ESSEX, 


giving particulars of training, experience, and age. 
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High quality material and 
dimensional precision are attributes 
of Bullers die-pressed products. 

Prompt delivery at competitive 
prices. 


~ dc EE. YY) 








JJVS))9sccueeM©“wwéua 


We specialise in the manufacture of 


PORCELAIN 

for general insulation 
REFRACTORIES 

for high temperature insulation 
FREQUELEX 

for high frequency insulation 
PERMALEX & TEMPLEX 

for capacitors 


~  BULLERS LIMITED = 


MILTON - STOKE-ON-TRENT » STAFFS 
Phone: Stoke-on-Trent 21381 (5 lines) - Telegrams & Cables: Bullers, Stoke-on-Trent 


Ironworks: TIPTON, STAFFS London Office: 6 LAURENCE POUNTNEY HILL, E.C.4 
Phone: Tipton 1691 Phone: MANsion House 9971 
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FOR UP-TO-DATE 
INDUSTRIAL 


LUBRICATION 
&' PARTING iagy 


A film of Colloidal Graphite 


—simply applied by spray, brush or dip technique — coats 
friction surfaces which cannot be lubricated satisfactorily with 
oil or powdered graphite. 

The robust film of solid lubricant thus formed resists the 
highest temperatures encountered in hot, metal-forming pro- 
cesses such as forging, extrusion and die-casting. It reduces 
friction and wear, prolongs die-life and increases production. 

‘dag’ colloidal graphite provides the solution to many 
industrial problems involving lubrication at high temperature, 
parting, impregnation and electrical conductivity. 

' The Acheson organisation, manufacturers of fine dispersions 
for half a century, place their specialised knowledge at your 
disposal. ; 


Let one of the Acheson service engineers demonstrate in your factory how ‘dag’ 
dispersions can benefit you. 


ACHESON COLLOIDS LIMITED, 18, PALL MALL, LONDON, S.W.1 
© Telephone: WHI 2034-7 Telegrams: OILDAG-PICCY-LONDON 


Offices in London, Plymouth, Birmingham, Rochdale, Cheltenham, Richmond. 
Sales Representatives in most countries overseas. 


Also Acheson Colloids Company, Port Huron, Michigan, U.S.A. 


Colloidal Dispersions of Graphite, Molybdenum disulphide, Silver and other 
solids, in oil, water and volatile solvents for every industrial requirement. 
Please write for literature. 











Ladi AL. 74 
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SOLDERLESS CONNECTIONS 
Faster and better by 


| Plessey | 


LIGHT & HEAVY DUTY 
CRIMPING EQUIPMENT 


Nootherelectrical tag-to-lead connection 
is so quickly accomplished, so long 
lasting, so thoroughly reliable as that 
which is made by a Plessey crimping 
tool. These precision crimping tools 
range from a hand-operated light duty 
type, through to a heavy duty 
hydraulically-operated unit. Originally 
pioneered and developed for the aircraft 
industry to overcome the disadvantages 
of corrosion, crystallisation and other 
accelerated deterioration factors in any 
method employing heat and flux—this 
solderless crimping method achieves a 
wiring connection which is both 
mechanically and electrically 

superior for a fraction of the cost. 









































For its success, any crimping process 
relies wholly upon the accuracy of the 
equipment used. Consistent with such 
standards these advanced tools are 
produced to fine engineering 
limits from the finest materials. 











publication 753/1 contains extensive details of these tools and their 


application. A copy will be sent to manufacturers free, on request. 


THE PLESSEY COMPANY LIMITED - ILFORD: ESSEX 


@ PBSA 
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VARIABLE CAPACITORS 
CERAMIC DISC TRIMMERS 


















































































































































ae ~— 
12 DIA. i 16 DIA. 
25 DIA. 
Dimensions in mm. 
Capacitance Ranges 
Dia. Material Power Factor Temperature Permittivity 
of Name of Min. Max. with Max. Co-efficient for Working Voltage 
Rotor Rotor pF pF Capacitance in 10-6 for Rotor Testing Voltage 
+ 10% +509 in Material of Rotor 
—10% 10-4 
D6 2 6 less than 20 | +120 + 160 6 
D20 y 10 less than 20 | + 90 — 30 20 
| v3 3 15 Working Voltage 
12 | Triko 12 -—pg9 4 20 | Tess than 20 | —350  —600 50 250v. DC I7Sv_ AC 
| 6 30 Testing Voltage 
4 20 750v. DC 
| D9I0 CL 6 30 less than 20 | —650 —850 9 
| 10 45 
15 45 : 2a , 
D6 2 ee less than 20 | +120 +160 6 os 
2 8 
D20 2 10 less than 20 + 90 — 30 20 
3 15 
3 8 
| D50 3 15 Working Voltage : 
DSO 4 20 less than 20 | —350 —600 50 350v. DC/250v. AC 
6 30 Testing Voitage : 
16 Triko 16 3 8 a 1000v. DC 
3 15 
4 20 
D9 6 30 less than 20 | —650 —850 90 
10 45 
10 60 
| 15 45 
Dé 2 10 less than 20| +120 +160 6 
D20 4 20 less than 20; +90 — 30 20° 
6 30 Working Voltage 
| D50 10 60 | less than 20| —350 600 50 350v. DC/250v. AC 
25 | Triko 25 15 80 Testing Voltage 
S 50 1000v. DC 
D90 20 100 less than 20; —650 —850 90 
20 150 
Example of Ordering : Trimmers in D20, 16 dia. 10/45 pF — Triko D20-16-10/45 











Enamel finish is recommended where normal conditions of temperature, humidity and stability apply. The bakelite- 
coated and waxed types are for use in tropicalised equipment, having been provided with a complete hermetic seal. 


(ST\ STEATITE INSULATIONS LTD. 


KCON, 25, Somerset Road + Edgbaston - Birmingham 15. 


Telephone : EDGbaston 3990. Telegraphic Address : “ Steatite, Birmingham 15.” 
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for a copy of this booklet—please write to 


Magnesium Elektron Limited 


MANCHESTER LONDON 


Lumm’s Lane, Clifton Junction, near Manchester 21, St. James’s Square, London, S.W.1 


Telephone: Swinton 2511 Telephone: Whitehall 1040 
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A RETAINER 
SAVES TIME... 
... AND MONEY* 














*&THAT’S WHY THE 














. eae 
\\ INCORPORATES 
© _ SALTER 
|| SENS REWSMNERS 


fons coc 


1 
\ MNIMOD cet eotan tess, 


: . Sie ee res | IF YOU WISH TO SOLVE 

Oo tt—vtii | i a 

[_] Send representative [] Letter attached AS EASILY, JUST POST THE 
Put X as necessary. ! 


COUPON FOR DETAILS 


eee eee 








GEO. SALTER & CO. LTD., WEST BROMWICH 
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BOGEN (ed: 1:17-1.4 
ENGINE-ALTERNATORS 


E.C.C. PATENTS 





"NO-BREAK’ SET WITH CONTROL CUBICLE. 


These NO-BREAK Alternator Sets are arranged to operate in conjunction with existing A.C. mains to provide a continuous 
A.C. supply for éssential services such as telecommunications, etc. Normally che vital service is fed from the supply mains 
and, under conditions of mains failure, from the diesel driven alternator set. 


Under normal conditions the A.C. mains supply power direct to the load, the alternator operating .as a synchronous 
motor driving a fly-wheel, with the diesel-engine stationary. Under mains failure conditions the alternator is driven 
by the diesel-engine to supply power to the load. On restoration of the ordinary supply mains the alternator synchronises 
automatically with these mains, the diesel-engine is again disconnected and the alternator operates as a synchronous motor. 


Each set incorporates a Lister FREEDOM diesel engine and an E.C.C. synchronous induction motor/alternator. E.C.C. 
patent static excitation and control unit is incorporated in the control pillar. 


E.C.C. patent ECCOSYNE automatic synchronising unit 1s provided for re-connecting the alternator to the mains on 
mains restoration. These sets ensure a continuous NO-BREAK supply both in attended and unattended stations. 


Brochure B.1739—available on request. 


ESTABLISHED 1882 


THE ELECTRIC CONSTRUCTION COMPANY LTD. 


Head Office and Works: 
TELEGRAMS : BUSHBURY ENGINEERING WORKS TELEPHONE 
EQCQC tart WOLVERHAMPTON _ wotverHamPTon EQCIC 
WOLVERHAMPTON E N GC ¥ A NI .) 21455 «7 uUNes» 


' 2746 
Manufacturers of Rotating Electrical Machinery, Switch and Control Gear, Rectifiers and Transformers, 
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11” swing, 18/20” between centres, 
I” collet capacity 


MORE AND MORE FAMOUS FIRMS 
USE HARDINGE HLV LATHES 


Specially designed for Small Batch Production of precision parts 


Write or phone for a descriptive HARDINGE 
pamphlet and Test Chart or, 
MACHINE TOOLS LTD 


(One of the Sheepbridge Engineering Group) 


Feltham, Middlesex, Telephone: 3221/5 
Telegrams: Hardinge Feltham 


better still, ask for our mobile 
demonstration unit to visit you— 
it may be in your vicinity NOW! 
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BIG NEW FACTORY 
ror BRR. 


AT HARLOW, ESSEX 


Besson & Robinson have now moved to a large modern factory 
at Harlow, Essex, 9 miles north of Epping on A11. Telephone 
HARLOW 25231/4. 

Deliveries will soon be 1 to 4 weeks for almost any quantity. 





The B.01. 


Developed from the 3000 
type to provide relays com- 
bining the sensitivity of the 
classic telephone type with 
the robustness and voltage 
ratings advisable in elec- 
trical and electronic 
applications. 








The C.08. 


15 amp./250 volt A.C. 
2-pole change over. Price 
only 35/- to 50/- according 
to quantity. 





The A.04. 


(M.O.S. reference “ Relay, 
magnetic, type 12547.) 
One of our wide range of 
co-axial relays. 


The C.03. 


Up to four 20 amp. plus 
four 5 amp. contacts. Main 
contacts can be the patented 
anti-arcing type. 








These designs are protected by many patents and provisional patents 
COME AND SEE US AT HARLOW! 


Meanwhile, please send coupon today for more details. 











- onm 
To: OLIVER PELL CONTROL LIMITED 
(Sole selling agents for Besson & Robinson Relays) 
Cambridge Row, Woolwich, S.E.18 
Please send me further free details of B. & R. Relays 


NAME... 








COMPANY 





a ADDRESS 








the reamer, tap and drill lubricant 
which gives longer tool life and 
improved finish on all tough 
materials including stainless steels, 
alloy steels, nickel and its alloys, 
titanium, etc. Why not write 
for full details? 


IBEX HOUSE, 

MINORIES, LONDON, E.C.3. 

Telephone: ROYAL 4372 

MINERVA WORKS, WOODLESFORD, 

Nr. LEEDS. Telephone: ROTHWELL 2164 
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GERMANIUM RECTIFIERS 


Compact - Reliable - Inexpensive - Efficient 


INVERSE 


POINT CONTACT RECTIFIERS 


A wide range is available, covering 
applications for television and VHF 
radio receivers, electronic computors, 
measuring instruments, etc. 

ipa fOpa {OOpa {mA 1OmA 


TYPICAL CHARACTERISTIC CURVES 


These new rectifiers combine very low 
iii forward resistance with high back resis- 
tance, to give almost 100% rectification 


efficiency. Their small size makes them 
eminently suitable for telecommunication 
circuits, blocking relays, instrumentation 
applications, and miniature power packs. 


BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON COMPANY LIMITED - RUGBY - ENGLAND 
Member of the AE! group of companies A4@50 


4 
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Two new 

GLASS FIBRE 
LAMINATES 

with a tremendous 
range of uses! 


~ MF” 


An inexpensive 
laminate, fireproof, 
aul With good mechanical 

— properties. 

Ld Tr. EL 
ag A general purpose 
wal Insulating Material, 
GS with good 

aw machining and 

GE punching properties. 


: piastics anotnen @EB) PRODUCT 
Write for specimens and quotations y : 


RUBBER IMPROVEMENT LTD., WELLINGBOROUGH, NORTHANTS ~- Tel: Wellingborough 2218 & 2286 






















JOSEPH SANKEY & SONS LTD 
BILSTON STAFFORDSHIRE 





London Office 
168 REGENT ST. LONDON W.1 


coe 


Europe’s largest 























manufacturers of 








laminations 
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NON-FERROUS 
CASTINGS 


FOR THE ——— - 


ELECTRIC AL Sandwell Castings are in- 
corporated in many of the 
best known products 
throughout the Electrical 
WD Industry. (Illustrated is a 
typical Sandwell Casting 
used in Reyrolle 132 kV. 
3,500-MVA. air-blast cir- 
cuit breakers). When next 
you require precision non- 
ail ferrous Sand Castings, 
. J Gravity Die Castings or 
aeeueatl Pressure Die Castings, 
LET SANDWELL QUOTE. You 
will find our prices keenly competitive 
and deliveries prompt. 


ILLUSTRATED LITERATURE ON 
REQUEST. 


THE SANDWELL CASTING CO. 


BANK STREET FOUNDRY, WEST BROMWICH. 
Tel: STOnecross 2231 (4 lines). Grams: “‘REPCAST’’ West Bromwich. 


ELECTRICAL AND MECHANICAL 


COUNTERS 


COMPANY 
LIMITED 


MILLTOWN STREET 
RADCLIFFE 
MANCHESTER 


RADCLIFFE 2675 


PROTONA G.m.b.H. - Hannover - W-Germany 
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The aluminium being pulled through a tensioning device and wound = The completed job being lifted from the winding table. The 
on to the layer of pancakes that form the magnet energizing coils. partially built accelerator magnet is shown in the foreground. 


CYCLOTRON WINDINGS 


WITH JAMES BOOTH’S 
| SPECIAL 
ALUMINIUM SECTION 


Following the success at Liverpool University, 
the Australian National University Research School 
of Physical Science at Canberra, used a special 
extruded section of square contour with a central 
round hole for the windings of the electromagnet 
of the cyclotron recently constructed in Australia. 
This meant a demand for 16 continuous lengths 
of section each 2,300 ft. long, and the successful 
production of faultless lengths of such extent 
represents no small metallurgical achievement. 
If, however, the versatility of aluminium and the 
flexibility of the extrusion process is used in con- 
junction with the art and perseverance of our 
skilled technicians, the most ambitious aspirations 
of the drawing board can often be brought to reality. 


If your problem is unusual—so also will be our 
endeavours to help you if you care to consult us, 
without obligation, of course. 





ae Photographs — reproduced by courtesy of the 
Another view of the completed winding. University — show the job in progress. 





JAMES BOOTH & COMPANY LIMITED - ARGYLE STREET WORKS - BIRMINGHAM 7 


crcs 
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TRANSFORMERS 
DESIGNED TO 
SUIT CUSTOMERS’ SPECIFICATIONS 


Write for leaflet T.I. 






RECTIFIER UNITS 
MADE TO MEET 
INDIVIDUAL REQUIREMENTS 











AUSTIN WALTERS € SON LTD 





* SPECIAL 
ADVANCE’ 


These are the British-made 


THERMO-COUPLE ALLOYS 


THE RESULT OF UNIFIED CONTROL 
AT EVERY STAGE OF MANUFACTURE, FROM START TO FINISH 


AN immense reyes of ne Batish. 
tion is being met by the 
made  thermo-couple _ wires 
*T1/T2’ and ‘ Special Advance.’ 
Every operation in the manu- 
facture of these wires, from the 
initial melt to the finished 
material, is carried out at the 
Cheadle plant under unified and 
precise control. 


*T1’ (nickel-chromium) and 
‘T2’ (nickel-aluminium) are sup- 
plied to operate at temperatures 
up to 1100°C, 

For lower tem: mperatures the 
‘Special Advance’ alloy is sup- 
plied for use with copper (up to 

500°C.) and with iron (up to 
°C.) to users’ individual 
requirements. 


*T1/T2’ and ‘Special Advance’ 


BRITISH DRIVER-HARRIS CO. LTD 
MANCHESTER 15 


Nickel and Nickel Alloy Specialists : for furnace 
elements, domestic appliances, thermo-couples, tele- 
communications, lamps, spark plugs, fine wires, etc. 





















Quantity iis of small automatically made pieces in 
Sa Porcelain, and Rutile materials for electric cooking 
id heating equipment, and tel 





8PP' 


GEO. BRAY & CO. LTD., Leicester Place, Leeds 2. 


Tel. : 20981/9. Grams. : “Bray, Leeds” 
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“BELLING-LEE” “MAG-NICKEL” FUSES 
now available up to 750 mA 


Our well-known range of “‘ Mag-Nickel ” delay fuse-links are 
now available up to 750 mA. These fuses conform to the dimensions 
(1}” x }”) and blowing requirements of the standard L.1055 fuse, but 
can withstand a surge current of 10/30 times their rated current for 
a period not exceeding 0.01 second, without affecting their normal 
length of life. Available in 250 mA (brown), 500 mA (yellow) and 
750 mA (green) ratings, the colour coding conforming to B.S. 646(B). 


“ Mag-Nickel” Delay Fuse L.338 











STANDARD GLASS FUSES 1.1055 


The unique internal soldering technique, employed in the 
manufacture of L.1055 standard fuse-links, bonds caps, element and 
glass into one unit. The risk of caps becoming loose is minimised, 
and a 100% fuse-link can only be rendered useless by breaking the 
glass, or by blowing in service. 

Improvement in electrical performance is achieved by setting 
the wire element on the diagonal, which enables it to be more 
accurately tensioned, thus ensuring that the fusing currents will be 
kept within “‘close limits”. This method of construction applies to 
ratings from 500 mA up to 25 A. Lower ratings will be included as 
soon as possible, but in the meantime, industry is being supplied 
with our original design in which we have minimised the problems 
that the “all-in-one” construction obviates. 




















“MINIFUSE” MINIATURE 
CERAMIC FUSES 1.754 


These miniature fuse-links, measuring only 3” x #,”, are avail- 
able in ratings of .o10, .o1§ and .o25 A. They are the result of 
long development to enable such a fine element to be handled in 
production to give reliable service in the three ratings mentioned. 















They are primarily designed for the protection of small meters; 
also test and laboratory gear, etc. 


“‘Minifuses” are designed to carry their rated current indefinitely 
and blow within 0.01 sec. at 34 times their rated current. 


BELLING ¢ LEE LTD 


GREAT CAMBRIDGE RD., ENFIELD, MIDDX., ENGLAND 
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it must 
be 


(Rega. Trade Mark) 


SOLDERING INSTRUMENTS 


AND 


ALLIED EQUIPMENT 


PROTECTIVE 
SHIELD . 


List No. 68 


(Regd. Trade Mark) % 4 
+ 


' GAUDEN ROAD - CLAPHAM HIGH STREET 
LONDON - S.W.4 
Phone: MACaulay 4272 
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Today, progressive 
engineers think of Coopers Felt 
as an engineering material, yet 
many do not know that it can be 
machined to close limits. With the 


harder felts we can work to within a hairs- 


most 










breadth of your specification. Yes, we mean 
that literally—to the breadth of a human hair. 
One of Cooper's technical advisers will be happy 
to tell you more about this versatile material. 


COOPERS 
«FELT 





CASTLE BROMWICH 


BIRMINGHAM 
COOPER & CO. (B’*ham) Ltd. 


Stand D134 BRYNMAWR BRECONSHIRE 


Tel.: Brynmawr 312 Telegrams: Felting Brynmawr 
Registered Office & Works : Little King Street, Birmingham, 19 










BROOKES 
tystals 


DEPENDABLE 


@ Illustrated above isa Type SF 
Crystal Unit from a range 
covering 3-20 mc/s and on t 
ight is a Type SM Crystal 
mt from a range covering 
3-20 mc/s. 


Au Brookes Crystals are made to exacting standards and 
close tolerances. They are availab‘e with a variety of bases 
and in a wide range of frequencies. There is a Brookes 
Crystal to suit your purpose—‘et us have your enquiry now. 


Brookes Crystals Ltd. 


Suppliers to Ministry of Supply, Home Office, B.B.C., etc 
181/3 TRAFALGAR RD., LONDON, S.E.10 
Phone: GREenwich 1828 Grams: Xtals Green:London 


a | 


BROOKES 
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Miniature bearings 


TO ALL SIZES AND 
SPECIFICATIONS 

















SLIDING 
RHEOSTATS 


Sound in design and incorporating a 
very high standard of craftsmanship 
at competitive prices, Cressall Sliding 


Rheostats are manufactured in a 
variety of types and sizes to meet 
every known requirement. These 
rheostats can also be supplied with 
screw motion drive, bevel wheel 
drive and motor drive. 


CRESSAL 


TELEPHONE: ASTON CROSS 2666 (3 LINES) - TELEGRAMS: ‘OHMIC, BIRMINGHAM’ | 


Registered trade name of 
THE CRESSALL MANUFACTURING CO. LTD. 
TOWER STREET - BIRMINGHAM - 19 
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Midget 
Blowers 


Axial or Centrifugal?-the two types of _ eithar type, as we are the only manu- 
midget blower are complementary and = facturers offering a complete range of 
the choice lies with the designer of the 
associated apparatus. We are ina unique 
position to give you unbiassed advice 
and to satisfy your requirements for with fan diameters from 1}” to 8’ 


both axial ani centrifugal blowers for 


the electronics and allied industries, 


All our midget blowers comply with A.I.D., A.R.B., 
C.1.E.M.E. or Admiralty specifications, and we have 
supplied over 25,000 of them for air-cooling electronic 
equipment. You may therefore consult us with confidence. 


Why not write TODAY for details ? 


Air Control Installations 


Ruislip : Middlesex: Ruislip 4066 (8 lines) 





Birmingham: Midland 1165 & 1367 Newcastle: Whitley Bay 23046 
Manchester: Central 0679 & 0570 Glasgow: Central 2923 
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CHILTON STEEL LTD 


for that 


NEW BUILDING 
as | 


CE for Standard Portal Frame 


for Designed Structural 
Steelwork 


Building 


B 


(CSD for SERVICE & SATISFACTION 


for Roof Steelwork to 
Requirement 






We solicit your Enquiry 


CHILTON STEEL LTD 


THE FOUNDRY - LONG MELFORD 


SUFFOLK 


Phone: LONG MELFORD 273 Grams ; CHILSTEEL-LONG MELFORD 
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Pocket Size but as 
accurate as a 5ft 6"slide rule 


F you are a scientist or have to deal with any sort 

of figures, here is an instrument more useful than 
any ordinary slide-rule. Problems as intricate as that 
above—and of course others less complicated—can 
be resolved in a few seconds by an Otis King Calcu- 
lator with a degree of accuracy equivalent to that of a 
5 ft. 6 in. slide-rule. 

Yet it can be carried in your pocket. Only 6 in. 
long by 1} in. diameter the Otis King carries 66 in. 
spiral scales giving results to four or five significant 
figures. Its plastic-coated scales never wear out 
Examine an Otis King Calculator at any good 
Instrument Store or write for details to Carbic Ltd., 


(Dept. E.E.), 54 Dundonald Road, London, S.W.19. 
If urgent, sent on approval for 47/6 post free. 


The 


OTIS KING 















Pocket ‘~ V4 
Calculator ' "y é 
ELECTRO- 


MAGNETIC 
COUNTER 





MAJOR TYPE 6 x 1} x I} ins. 
FOR ALL D.C. VOLTAGES 
TESTED and GUARANTEED 


17/6 Post & Pkg. 9d. 


MAGNETIC RELAYS 
UNISELECTORS 
KEY SWITCHES 


UU VU OW PUD? 


JACK DAVIS (RELAYS) LTD. ° 


i" 
Dept ‘E’ 36 PERCY STREET, LONDON, W.! § 
§ 


a 


MUSEUM 7960 LANGHAM 4821 § 
BOB 
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if AVO Valve Characteristic Meter Mark III offers the Radio 
Engineer far more than is generally implied by the words ‘‘a 
valve tester’’. 


This compact and most comprehensive Meter sets a new high 
standard for instruments of its type. It will quickly test any 
standard receiving or small transmitting valve on any of its normal 
characteristics under conditions corresponding to a wide range 
of D.C. electrode voltages. 


A new method of measuring mutual conductance ensures that 
the instrument can deal adequately with modern valves of high slope 
and short grid-base such as are commonly used in T.V. receivers. 


List Price 


£60 


A comprehensive Instruction Book and 
detailed Valve Data Manual are provided. 


Regd. Trade Mark 








v ‘ett 
hiatensaien Canactpnistic, 


METER «7 





PROVIDES all necessary data to enable Ia/Va, 
Ia/Vg, Ia/Vs, etc., curves to be drawn. 


MEASURES mutual conductance up to 30mA/V. 


DETERMINES inter-electrode insulation with 
heater both hot and cold. 


GIVES direct measurement of “gas” current. 


TESTS rectifying and signal diodes under reser- 
voir load conditions. 


COVERS ail normal heater voltages up to 117V. 


CIRCUIT improvements provide accurate set- 
ting and discrimination of grid voltage over the 
full range to 100V negative. 


A relay protects the instrument against damage 
through overloading the H.T. circuits and also 
affords a high measure of protection to the 
valve under test. 


The instrument is fitted with a hinged 
fold-over lid which protects the valve 
holders when not in use. 











THE AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO. LTD. 
AVOCET HOUSE - 92-96 VAUXHALL BRIDGE ROAD - LONDON - S.W.I. Telephone: ViCtoria 3404 (9 lines) 


avocer 
a 


V.C.4, 
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Do Twin 


you Electro- 

solve Mechanical 
problems Multiplier 
such as this ? pas 





y= f,(x) { f(s) teet fcw) } . is of high accuracy and 


of special use in analogue com- 


aia {fn ai fl) } putors.  Eachiside of the Multi- 
or for example: plier can multiply separately one 
y = usin x + v’ cos z, variable by upto five other in- 


dependent variables. 
FOR DETAILS WRITE TO: 


DOBBIE M‘INNES LTD 


Nautical and Engineering Instruments 
BROOMLOAN ROAD GLASGOW SWi AND LONDON 























high quality 
water for the 
production 

ol cathode 
ray lubes. 
electrolitics. 


ele. 





plant at 
DEMINERALISED h he its 
WATER EFFLUENT the works of : 


en mb FERGUSON RADIO 


T.0.S CORPORATION LTD. 


COLBOR | F asec ee Illustrated is a Canning Fully Automatic Plant 
ar t-te], mellep 4/8) 
vite for Cadmium plating radio components. 
Equipment for the deposition of various metals 
Ti Gier eel, bad, Bs 
ION EXCHANGE PLANT . P has been supplied to leading establishments 





i : f in the radio, electrical and telecommunications 
ENGINEERING CO LTD industries. 


RD A 


THE COLBORNE 


f 


N vs 
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ALL-POWER 


REGULATED POWER SUPPLIES 








SERIES 500 

















An entirely new range of units, designed 
for the highest possible performance 


and overall efficiency. 


Now in large scale production and 


available for prompt delivery. 





Model 50! 


(fitted with end frames) 


ABRIDGED DATA 


(Further information on request) 






























































Data Model 501 Model 502 Model 503 Model 504 Model 505 
Output 200-500V 200-500V 0-500V 0-500V 0-500V 
250mA 250mA 250mA 250mA 150mA 
> 5 Number of Ranges 2 2 4 4 | 
z3 Voltage Stabilization +0.02% +0,002% +0.1% +0.002% 40.1% 
= | Effective Output Resistance 0.22 0.02 2 0.50 0.02 0 0.50 
(max.) 
Output Ripple (rms. max.) | 2mV ImV 3mV ImV 3mV 
Outputs Be ee ae 250V 25mA | 250V25mA | 250V 25mA 
>. 0—250V ImA | 0—250V ImA | 0—250V ImA 
a 
ov 
32 Voltage Stabilization ae sane 40.05% +0,002% 40.05% 
we) 
55 Output Resistance (max.) — — 1Q 0.01 2 1Q 
Output Ripple (rms. max.) ~— — 2mV ImV 2mV 
Unstabilized + VE | 470V 470V 320V 320V 
H.T. Supply 250mA max. | 630 630V 470V 470V 630V 
| 630V 630V 
Unstabilized A.C. Supply | 6.3V 10A 6.3V 10A 6.3V 10A 6.3V 10A 6.3V 10A 
Price | £70 £91 £81 £99 £75 











STANDARD UNITS. All models are supplied as standard for mounting in 19 in. racks and are fitted 


with fully protective covers. 


EXTRAS. To convert from rack mounting to bench use the following extras are available :— 
£1 15 Oper pair 


Polished hard-wood reinforced end frames 


Steel instrument case of new design 


PRICES. Prices are quoted net ex works and are subject to variation without notice. 


ALL-POWER TRANSFORMERS LTD. 


MAY 1955 


Tel.: BYFLEET 3224/5 


£4 10 OQeach 


. CHERTSEY ROAD, BYFLEET, SURREY. 
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N Acres ooo - 
THE ELECT 
SppaRATUs MANUFACTURER! 















M 


KS. Made in 
INAL BLOC 
— ee 60 amp. sizes. 











A.C. POWER RELAY 





$ 
Type €.30 PUSH-BUTTON 2 to 8 Pole. N.O. or N.C. 
UNIT arranged for mounting contacts. 
on customers’ own cover 
plate. N.O./N.C. contacts. hla ° San 
4 Colours. 











THE DONOVAN ELECTRICAL CO. LTD. 
Safuse Works - Stechford - Birmingham 33 








HYDRAULICALLY FORMED 
BY A PROCESS 
UNIQUE IN THIS COUNTRY 


° . 

a sr 

2 go* 
*eeeee® 


Combining the properties of 


1A compression spring capable 
of repeated flexing 


2. A container which can be 
hermetically sealed 


3.A packless gland 





Tough, resilient, with 
a uniformity of life, 
performance and 
reliability unobtainable 
by any other method. 


for Automatic coolant regulation: Move- 

ment for pressure change: Packless gland 
to seal spindle in high vacua: Reservoir to 
accept liquid expansion: Dashpot or delay 
device: Barometric measurement or control: 
Pressurised couplings where vibration or 
movement is present: Dust seal to prevent 
ingress of dirt: Pressure reducing valves: 
Hydraulic transmission: Distance thermo- 
Static control: Low torque flexible coupling: 
Pressure sealed rocking movement: Pressur- 
ised rotating shaft seals: Aircraft pressurised 
cabin control: Refrigeration expansien 
valves: Thermostatic Steam Traps: Pressure 
amplifiers: Differential pressure measure- 
ments: Thermostatic operation of louvre or 
damper. 


Seamless 
one-piece 
METAL 

BEL l 0 WS Write for List No. L. 800-1 


_ by DRAYTON 


The Drayton Regulator & Instrument Co. Ltd., West Drayton, Middlesex 


ELECTRONIC ENGINEERING 











108 





DESIGNED for ACCURACY 


PECIALISTS in the manufacture of 

Variable Wirewound Resistors 

for over 20 years, Colvern Ltd., 

are BRITAIN’S largest manufacturers of 
these components. 

Our fully comprehensive range includes :- 

x Sealed Wirewound Potentiometers and Variable 


Resistors Fully Type Approved to Inter-service Specifica- 


tions RCS/121 and RCL/121. 


x Standard Wirewound Potentiometers! rom | to 15 watts 
rating, including multi-ganged types and semi-preset 
Controls for Television Receivers 

*« High Accuracy Precision Potentiometers including 

sine/cosine types. These Potentiometers, the most 


accurate made in the world to-day are 





incorporated in most modern Radar, 


Navigation and Computing Equipment 


+ = Ten Turn Helical Potentiometers. 


COLVERN LIMITED 


Mawneys Road - Romford - Essex 


Telephone No.’s : Romford 8881/2/3 
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<@> FREQUENCY 
STANDARD TYPE 761 


HIS instrument has been de- | 
signed to fill the need for a 
self-contained compact frequency 
standard of moderate cost and very 
high accuracy. 

Sine wave and pulse signals are 
produced at five standard fre- 
quencies, the pulse waveforms being 
extremely rich in harmonics. 

An oscilloscope complete with 
X and Y amplifiers is incorporated 
for visual frequency comparison, 
and a Beating circuit and loud- 
speaker for aural checking. Standard 
frequencies are switched to these 
two circuits internally, and their 
employment is therefore unaffected 
by connections made to the output 
plugs. 

A synchronous clock driven 
from a voltage of standard frequency 
provides a time standard which may 
be maintained accurate to within a 
few seconds a year. 

The instrument is enclosed in 
one of the Airmec range of cases 
which is suitable either for bench use 
or forward mounting on a I9in. rack. 


@ Master Oscillator: Crystal-controlled at a frequency of 100 kc/s. The crystal 
is maintained at a constant temperature by an oven. 

@ Outputs : Outputs are provided at 100 ¢/s., | kc/s., 10 ke/s., 100 ke/s., 
and | Mc/s. 

@ Waveform : The aus outputs are available, simultaneously with 
sinusoidal or pulse waveform from separate plugs. 

@ Stability : Four hours after switching on a short term stability of 
considerably better than | part in 10® is obtained. 


Full details“of this or any other Airmec instrument will be forwarded gladly upon request. 


AIRMEC LIMITED 


HIGH WYCOMBE BUCKINGHAMSHIRE 


Cables: Airmec, High Wycombe 
Tel: High Wycombe 2060 
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DE HAVILLAND ‘FREQUENCY METERS | 


: : SIZES : 2}” to 8’ 
Advanced Guided Weapon Projects UP TO 5000 CYCLES 


PROMPT DELIVERY 


SPECIALIST SERVO ENGINEERS are required 
for positions in an expanding organisation engaged 
on research, design and development work. 
Permanent and progressive posts, both senior and 
junior, are available for men with ability and 
enthusiasm who can offer sound knowledge and 
experience of hydraulic servo mechanisms. Promotion 
prospects are good and conditions of employment are 
generous and enlightened. 

We operate a five-day week and assistance is given 
in obtaining single lodging accommodation within 
easy reach of the works. 


Three grades of specialist engineers are required, as follows :— 
(i) Servo engineers with a theoretical background, having some ) 
practical experience of servo design. Candidates for these ‘ 
posts need not have any electronic experience. (Ref. 134) 





(ii) Servo engineers with a practical outlook. Candidates should 


hace ee also the new SYNCHROSCOPE 
(iii) Electronic circuit engineers for the detailed circuit design of M.C. KILOVOLTMETERS N 
the control equipment associated with hydraulic servos. / 


and full range of Switchboard Instruments. 
Ask for illustrated Catalogue 


Apply in confidence, quoting reference number of posi- | THE ELECTRICAL INSTRUMENT 


tion sought, to:— | Co. (Hillington) LTD. 


The Personnel Manager, (Technical Employment), 
an Haviland Propeticrs 180, Hattiesd, Herts , HILLINGTON, GLASGOW 


(Ref. 136) 


a eee 


London stockists, H. A. Patterson, 156 High Holborn 

























THE DYNAMIC BALANCING MACHINE 
MANUFACTURED BY JACKSON & BRADWELL LTD. 


EVANS x WITH ELECTRONIC EQUIPMENT BY va 


: ELECTRONIC 
DEVELOPMENTS 
LIMITED 






Just one of the many applications of 
Electronics in Industry to-day. 







We welcome enquiries 






from anyone _inter- 








ested in Electronic 
Service to Industry. 
Evonic Works, 
Birchfield Road, 
Birmingham 19. 
Tel: 
NORthern 0792. 










Photograph by Courtesy of 
JACKSON & BRADWELL LTD., B’HAM. 
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Both for studio and outside broadcasting of tele- 
vision programmes Marconi equipment is required 
at every stage of production and transmission. 
Cameras, Picture and Waveform Monitors, Vision 
Mixers, Telecine Equipment where film sequences 
are included, Microwave Links, Transmitters and 
Aerial must all be matched as components of a 
completely integrated system with a designed per- 
formance. -The long experience and advanced 
technical knowledge of the Company’s Broadcast- 
ing Division are at the disposal of all who are 
responsible for television, throughout the world. 
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Marconi Complete 
TELEVISION 
SYSTEMS 
from Camera 
to Aerial 


Shown above is the Marconi 











Mk. III Camera for 43” or 3” 
image orthicon tube. It com- 
bines technical excellence 
with optimum operating 
facilities. On the right Z 
is a typical Marconi 


Television Aerial 


= ee ww om ow oe ow me ee oe we es ow @ oe oe ow om ow @ od 


Marconi Television Equipment is installed in every one of the B.B.C.’s Television 
stations and has been supplied to countries in North and South America, Europe 
and Asia. Compatible colour television was first demonstrated in Britain by Marconi’s. 


MAY 1955 


N 


Partners in progress with the ‘ENGLISH ELECTRIC’ Company Limited 


Lifeline of communication 


MARCONI 


Complete Broadcasting and Television Systems 


MARCONI’S WIRELESS TELEGRAPH CO. LTD., CHELMSFORD, ESSEX 


Les 


ELECTRONIC ENGINEERING 


4 








Precision Ground Glass Balls 


@ Non-conducting. 

@ High surface polish. 

@ Available from 0.070’ diam. upwards. 

@ Sphericity to 0.0003” on iarge and 0.0005’ 
on small size balls. 


Solid Glass Beads (Ballotini)  _ 
Range 0.10 mm. to 10 mm. diam. 


Glass Beads for fusing wires into 





Indicator Glasses for electrical equipment 
from }” to 2” diameter. 





Ct Specialists in small glass mouldings Telephone : Leicester 23481-2 
THE ENGLISH GLASS CO. LTD., EMPIRE RD., LEICESTER. 





IF THE PROBLEM 1S //BRATION INVESTIGATION 


—the solution may be in 


GOODMANS | 





VIBRATION GENERATORS 


Today the significance of vibration—its cause and 
effect—is more pronounced by reason of ever faster 
speeds of aircraft, automobiles and many mechanisms 
in Industry. The higher frequencies encountered 
bring new problems not the least important of which 
is the nature of metal fatigue. Goodmans Vibration 
Generators have given yeoman service in this sphere 
of investigation. These equipments are daily being 
applied to fatigue testing, electronic component 
testing, valve microphony testing, torsional and 
flexure testing in metals and plastics, etc. 


If vibration presents a problem to your 
products—consult Goodmans. Write for 
technical data to “Vibration Dept. E” 


GOODMANS INDUSTRIES LIMITED 
AXIOM WORKS, WEMBLEY, MIDDX. 
Telephone: Wembley 1200 (8 lines) 
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ransistors 


ate good! 


These long life transistors in your circuits will 
save space and power and incidentally save weight. 


Brimar transistors are the result of 
extensive development. Exhaustive tests have 
proved their reliability over a long period. 


Brimar are now able to offer several 
types in small quantities for development work. 









The BRIMAR TP1 and TP2 are point contact, n type, germanium 
transistors. 

Type TP1 may be used in control and switching circuits at frequencies 
up to 100 Ke/s. and will work consistently and reliably within this 
range. 

Type TP2 may be used as an amplifier or oscillator at frequencies up 
to 2 Mc's. 

Collector dissipation 150 mW max. at 20°C. 


The BRIMAR TJl1, TJ2 and TJ3 are p.n.p. alloyed junction transistors 
intended for use in low frequency applications up to 509 Ke/s. The 
small size and low power consumption of these transistors permits the 
design of light, compact equipment. Since the cases are of metal there 
is little danger of accidental fracture, and the transistors are also thereby 
rendered lightproof. 


Collector dissipation 200 mW at 20°C. 


Send for data sheet of these transistors to 


Standard Telephones and Cables Limited 


Publicity Department: FOOTSCRAY, SIDCUP, KENT. FOOtscray 3333 
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a new F.M. SIGNAL GENERATOR 


* Two Frequency Ranges—1.F. 2-20 Mc/s. 
R.F. 80-104 Mc/s. 

* Modulation: Sinewave—Frequency 500 c.p.s. 
Deviation variable +0-100 kc/s. 
Sawtooth—Frequency 100 c.p.s. 
Deviation fixed 450  kc/s 
(peak-to-peak). 

Amplitude modulation less than 
1%. The deviation is substan- 
tially linear. 

* RF. Output—Variable from | »V-100 mV. 
Output impedance 75 ohms. 

* Mains Operated 

This F.M. Signal Generator is primarily designed 

for production testing and servicing of the new 

F.M. Receivers operating at the frequencies used 

by the B.B.C. The 100 cycle sawtooth waveform 

of fixed amplitude gives a peak-to-peak excursion 
of 450 kc/s. An output of 160 volts at the ““X” 

Plates Sockets on the Signal Generator gives 

sufficient “*X’’ deflection for most Oscilloscopes. 

Visual alignment of the selectivity curves and 

discriminator characteristics can easily be obtained 

with this Signal Generator. 








Type LE.200 


2 VT 


OTE: A suitable Crystal Controlled Marker 
Generator will be available shortly which 
provides very precise alignment of F.M. 
Receivers. 


MM 


OUR ONLY ADDRESS 


HATFIELD INSTRUMENTS LTD. j25ereripce Roan. 


ee — 0779 & 9857 

















Birmingham 
Stand No. 4ll 





| 
| 
fed | 
THE “1.D.." MOBILE UNIT LEADS THE WAY 


prea oF a appr Ltd. — front rank of nuclear technology 
are the first in this country to bring their equipment to your plant 
or laboratory. . wa : * I Ss Ody if @) Pp E 

The new “I.D.L.” Mobile Unit carries a complete range of 
equipment designed to bring the latest techniques and advantages of 
nucleonics to industry and research. 

Van contains:— £.H.T. SUPPLY UNIT * RATEMETER 
UNIVERSAL PROBE UNIT* SCALER* PRESCALER* SCINTILLA- Laboratory and Works : 
TION COUNTER HEAD * WIDE BAND AMPLIFIER AND _ BEENHAM GRANGE, ALDERMASTON 
DISCRIMINATOR * QUENCH/AMPLIFIER UNIT * SINGLE WHARF, Nr. READING, BERKS. 
CHANNEL PULSE ANALYSER * CRYSTALLINE AND PLASTIC _ ‘*®Phone: Woolhampton 451/2. 
pet haga TORS * GEIGER COUNTER TUBES* RADIOACTIVITY sibvitie Hic Clan 

* BETA GAUGE * PACKAGE MONITOR * IONISATION a> Saeainrs ‘ 

ANEMOMETER. Telephone: METropolitan 9641 (5 line). 





-_ 
— ° 
_ 


- 


Full particulars from ; 





\DEVELOPMENTS. LT 
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POWER RANGE 
0 to 100 Watts 


FREQUENCY RANGE 
D.C. to 250 Mc s 





Both instruments have a 
linear power scale and accurately 
register mean power input 
regardless of waveform. 

The TF 1620 has an input 
impedance of 75 ohms ; 

The TF 1020/1, an input 
impedance of 50 ohms. 


MARCONI INSTRUMENTS 


SIGNAL GENERATORS °: BRIDGES °- VALVE VOLTMETERS - Q METERS ° WAVEMETERS 
FREQUENCY STANDARDS ; WAVE ANALYSERS : BEAT FREQUENCY OSCILLATORS 


MARCONI INSTRUMENTS LTD - ST. ALBANS - HERTS - Telephone: ST. ALBANS 6160/9 
30 Albion Street, Kingston-upon-Hull. Phone: Hull Central 16144. 19 The Parade, Leamington Spa. Phone: 1408 


Managing Agents in Export: 
MARCONI’S WIRELESS TELEGRAPH CO. LTD - MARCONI HOUSE - STRAND » LONDON - W.C2 
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HUNTON will cut your press 


tool costs for PROTOTYPE and 
PRE-PRODUCTION RUNS! 





THE UNIVERSAL BOLSTER OUTFIT 
USING STANDARDISED PUNCHES AND 
DIES FOR SHEET METAL PIERCING 
AND BLANKING ON FLY PRESSES 





STUDY 
THESE ADVANTAGES : 
@ Specialised range of Chassis Piercing 
and Forming Tools for the Radio and Electronics Industries. 
@ To get you started—standardised Punches and Dies $” to 33” dia 
in 1/32” sizes from stock. 
e 4 short notice, Standardised Tools for square, oblong and other 
shapes. 
@ Adjustable Gauges for exact location of work. Automatic and 
Positive Stripping of material from Punch 
if in London and Home Counties, ask for a practical demonstration in 
your own works. Alternatively, write for illustrated price List. 
HUNTON LIMITED 


PHOENIX WORKS, 114-116, EUSTON RD., LONDON, 
N.W.1. = Tel. : EUSton 1477 (3 lines) Grams: Untonexh, London 





A LOW LOSS S.L.C. CONDENSER 


Low loss siliconed ceramic end plates 
2}” square. 

Silver plated Brass Vanes. 

Stressfree soldered construction. 

C-9;-Plain bearings up to 1000 pf. 

C-10;-Differential up to 500 pf. 

C-12;-Ball Bearing Plain or Diff. up to 
500 pf. 


It’s Reliable— 
It’s made by 


Jacksons ! 


Please write for further details 
JACKSON BROS. (London) Ltd. 
Kingsway Waddon Surrey 


Telephone: Croydon 2754-5 
Telegrams: Walfilco, Souphone, London. 
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WHY ENGINEERS SPECIFY 


. 


potentiometers -— 


Egen Potentiometers are based on long experience of 
requirements of television and electronic equipment 
manufacturers. In design, dependability, accuracy and 
freedom from wear they are outstanding, but, above all, 
they are completely NOISELESS. 


DUAL POTENTIOMETERS 
with concentric operating 
spindles. The new Egen 
Dual Potentiometers in- 
corporate all these out- 
standing design features 
— multiple contact 
rotors, smooth easy 
movement, thorough 
screening between sec- 
tions, plus a convenient 
soldering tag for earth- 
ing screened connec- 
tions on each metal case. Switch and Potentiometer soldering tags 
are of high-grade brass heavily silver plated for easy soldering; they 
are positively located and withstand soldering heat and bending 
without loss of rigidity. Control spindles can be supplied to suit 
customers’ requirements. 


PRE-SET POTENTIOMETERS. Com- 
pletely enclosed in high-grade 
phenolic mouldings. Solder tags 
heavily silver plated for quick sol- 
dering. Fully insulated spindles 
with integral control knobs. Tap- 
ped for 2-hole 6 B.A. fixing on 2?” 
centres. Type 126, wire-wound. 
Type 127, carbon. 


STANDARD CARBON POTENTIO- 
METERS. Made by an entirely 
new method ensuring a highly 
stable resistance element, which 
is also very durable. Silent and 
smooth in operation, these 
controls offer both mechanical 
and electrical reliability. Sol- 
dering tags are heavily silver 
plated to resist oxidisation, and 
the mains switch has an efficient 
quick make-and-break action. 


PRE-SET RESISTOR. This has a wire-wound resistance element, 
traversed by a nickel-silver slider. Adjustment is effected by a 
worm drive spindle fitted with a knurled and slotted knob. This 
component is smooth and 

noiseless in action and is 

designed to meet the many 

and varied requirements of 

the Electronic Industry. 

Egen pre-set resistors can 

be supplied in multi-bank 

assemblies to suit individual 

requirements. There are 

also twin-track models, and 

types with an electrically 

divided slider, giving adjust- 

ment on two resistors with 

one operation. 


EGEN ELECTRIC LTD. Charfleet Industrial Estate, 
Canvey Island, Essex - Phone: Canvey Island 691/2 
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UNIVERSAL PULP CONTAINERS LTD., MILTON OF CAMPSIE by GLASGOW 
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INSULATED 
WIRES 





EUREKA & VACROM 


REGD. REGD. 
(CUPRO-NICKEL) (NICKEL-CHROME) 
‘Eureka’ (Regd.) and ‘Vacrom’ (Regd.) Resistance Wires can be supplied BARE or 

with STANDARD COVERINGS of cotton, silk, rayon, enamel and glass. 
These wires have been used for many years for winding resistances for instruments, 
control apparatus, etc. 


‘Eureka’ with its low temperature coefficient is always in demand for precision work, 
while Nickel-Chromes are used where a high resistance is required in a limited space. 


Full details gladly supplied upon request 


THE LONDON ELECTRIC WIRE COMPANY VACTITE WIRE COMPANY LTD. 


AND SMITHS, LIMITED 75 ST.SIMON STREET, 
LEYTON, LONDON, E.10. SALFORD 3, .ANCS. 


DRAWN TANTALUM TUBE 





















Drawn tantalum tube can now be supplied by Murex 
Limited, for use in chemical plant where resist- 
ance to corrosion is essential. Maximum 

o.d. 3”, minimum o.d. +”. 
Maximum length 276" 
depending on wall 
thickness. If the tube 

is required fully annealed, 
the maximum length 


isay’. 


Write for booklet P51 which gives details of physical 
properties etc. of Tantalum & Zirconium materials. 


MUREX LIMITED (Powder Metallurgy Division) : RAINHAM * ESSEX * Rainham, Essex 3322 
London Sales Office: CENTRAL HOUSE, UPPER WOBURN PLACE, W.C.1I : EUSTON 8265 
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MARCONI INSTRUMENTS 
LIMITED 


LONGACRES, HATFIELD ROAD 
ST. ALBANS 


Technical Assistants or Testers required 
We have vacancies for men of City & Guilds Final 
Certificate telecommunications standard, or com- 
pensating experience in U.H.F. and V.H.F. 


The firm produces light current measuring, tést 

and communication instruments for a wide range of 

requirements, also X-ray diagnostic and therapeutic 

and electro-medical apparatus. Suitable applicants 

can be considered for training in X-ray technique. 

Other posts entail some travelling and liaison with 
customers. 


Works are pleasantly situated near City centre 
and all amenities and within easy reach of London. 





MARCONI INSTRUMENTS 
LIMITED 


LONGACRES, HATFIELD ROAD 
ST. ALBANS 


ELECTRONIC ENGINEERS required. Excellent 

opportunity for men of Degree standard and with 

suitable experience to broaden experience and avoid 

restrictive specialization by joining the staff of 

Marconi Instruments who produce light current 

communication, measuring and test apparatus for a 
wide range of requirements. 


Holiday arrangements made can be maintained. 
The posts are well remunerated and pensionable. 


Laboratories are pleasantly situated near City 
centre and all amenities and within easy reach London. 














MARCONI INSTRUMENTS 
LIMITED 


LONGACRES, HATFIELD ROAD 
ST. ALBANS 


TECHNICAL WRITER required for Technical 
Literature (telecommunications) _ section. The 
applicant should have electrical engineering qualifica- 
tions and/or experience in the design, or development 
of electronic equipment. 
The firm produces light current communication, 
measuring and test apparatus for a wide field of 
requirements. Excellent opportunity for experienced 
man to broaden experience. 


Offices are pleasantly situated near City centre 
and all amenities and within easy reach of London. 


Holiday arrangements can be maintained. 











MARCONI INSTRUMENTS 
LIMITED 


LONGACRES, HATFIELD ROAD 
ST. ALBANS 


DRAUGHTSMEN required. Senior and 
Juniors. Men of at least O.N.C. standard 
and experience in radio. Excellent oppor- 
tunity to broaden experience with well- 
known, well-established progressive firm 
producing light current measuring com- 
munication and test equipment for a wide 
field of application. 


Holiday arrangements can be maintained. 
On well-served transport routes. 


Saturday interview if required. 
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Recording transient phenomena 


A STANDING-WAVE RATIO INDICATOR 
FOR CO-AXIAL TRANSMISSION LINES 


Up to 
AY " 


A 


variables 
























* Full deflection in 
24 milli-seconds 


This instrument embodies a very sensitive diode voltmeter for 
monitoring the line voltage and ee the bridge balance up to 
c/s. 


Frequencies u LEAFLET No. E5029/EE from 
acre , Labgear (Cambridge) Ltd. 
c/s Tel. 2494/5. WILLOW PLACE, CAMBRIDGE 




















A range of instruments pioneered and developed by ——— —- ——_—-— 
Kelvin Hughes which enables many high speed 

transient phenomena too rapid for any recording, 7, 

except by cathode-ray oscillograph, to be instantly N WG.N Sd M agneti Cc V; a / ves 
presented in a dry and permanent form. ‘ 

Either Teledeltos recording or an automatic non- | Desig ned for 

clogging ink system may be used with the single 
channel instruments ; 7-channel units are supplied 
for ink operation only. 

Thoroughly robust in construction and insensitive to 
external vibration, Kelvin Hughes recorders have 
many industrial applications including the recording | 
of mechanical strains and rapid temperature changes, 
the study of rapid chemical actions, measurement of 
rotational speeds, the study of automatic sequences, 
force and current measurement in welding machines, 
and use as a high-speed chronograph. 


A brochure and further 


information will be gladly 
sent on request. 


* Each with an auxiliary switch for 
interlocking 


* Valve seats in springs are loaded to 
| ensure good joints 


Hi h Ss d | * For vertical or inverted working 
gn-spee |  ® Flexibility of connections, etc., etc. 
Pen Recorders Send your enquiries to: 


| 
KELVIN HUGHES = "8-4. ELECTRICAL LIMITED 


Me\ NASSAU MILL - PATRICROFT - MANCHESTER 
SPECIALISTS IN INDUSTRIAL MEASUREMENT | Sy 





high vacuum operation 














TELEPHONE: ECCLES 1643 
KELVIN & HUGHES (INDUSTRIAL) LIMITED 


DESIGNERS & MANUFACTURERS OF HIGH VACUUM EQUIPMENT 
2 Caxton Street, London S.W.1. 110 Bothwell Street, Glasgow, C.2 
KH 42 





ELECTRONIC ENGINEERING 120 MAY 1955 
































for the Aircraft, 








Development and Production of Industrial and Trade Moulding 


by Injection and Compression techniques. 


Electrical 


Specialists in 


P.V.C. mouldings, and work incorporating metal inserts 


and Electronic Industries. 
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BRITISH PLASTICS DEVELOPMENTS 


NEW ODIGATE 


S$ URR ET 
Gi te 242% 





EN. Bo. We Oe 





APPLIED TO INDUSTRY 


The many new applications of electronics makes it vitally 
necessary for all in Industry to have a sound working 
knowledge of this subject. We offer a new Self study 
course intended to teach the main principles of electronics 
and its chief industrial applications. Experimental work 
can, if desired, be carried out using equipment supplied 
with the course. 


Send for Free Brochure to: 


E.M.). INSTITUTES, Dept. E.11, London, W.4 
An educational organisation serving the E.M.I. Group of Companies 
which include ‘‘ HIS MASTER’S VOICE ’’, MARCONIPHONE, ETC. 


-——— ELECTRONIGS——_ 
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RECTIFIERS «moon ce” 


The new metal rectifier (Selenium) 
Highest quality. Does not age. All ratings from } to 
200 Amp. Small or large quantities. Quick delivery. 


A few examples : 
Full wave bridge, Input 20 V, Output 16 V. 4 A 6/6, 
1A 9/-, 2A 16/6, 3A 21/6, 5A 27/-. Input 40 V 
Output 32V. $A 11/6, 1A 17/-, 2A 31/6, 3A 41/-, 
5AS5l/-., etc. Post free. 
Special rectifiers at short notice. 


Manufacturers and trade inquiries invited. 


ELECTROCHEMICAL LABORATORIES (Rect. Div.) 
5, HIGHFIELD, WARDLE ROAD, SALE, MANCHESTER. 
Telephone: Sale 585! 























KENDALL & MOUSLEY LTD. 
Technical Books Department 


Fundamentals of Transistors By L. M. KRUGMAN 
Time Bases . By O. S. PUCKLE 
Television Simply Explained 


21/- post 4d. 
32/- 

Me “e -» 10/6 post 5d. 
By R. W. HALLows 
Electric Circuits and Wave Filters ne ve 
By A. T. STARR 
By F. G. SPREADBURY 
Electronics in the Factory By H. F. TREWMAN 
M.K.S. System of Units .. By T. McGreevy 21/- 

Advaneed Theory of Waveguides .. By L. Lewin  30/- post 7d. 


We can obtain any books on Radio, Television or Electronics from 
stock or to order at short notice. 


25/- 


55/- 
20/- 


Electronics .. 


Mail Order Only 
18 MELVILLE ROAD BIRMINGHAM 16 














Swiss 


Miniature Ball and 


Roller Bearings 
(A.1.D. approved) 


Manufacture 





Sole British Distributors 


MINIATURE BEARINGS LTD. 
4-5 William IV Street, STRAND, LONDON, W.C.2 
Established 1938 COVent Garden 3366-7 




























THE 
INSTRUMENT 
MODEL yy 
Specially designed _ for 
soldering operations in 


the compact assemblies 
used in present day 
radio, television and 
electronic industries. 
Weight 3} oz. (ex- 
cluding _ flexible). 
Length 9 in. 
4 


Interesting 
features 


simple to replace. 


also replaceable. 


25 watts — 
200/220 volts 


or 
220/240 volts. 


in use. 

4. Moulded two part handle, 
remains cool in use. 
5. Six ft. Henley 3-core Flexible. 


i ELECTRIC 
we SOLDERING IRONS 
ence 


W. T. HENLEY’S TELEGRAPH WORKS CO. LTD., 
51/53 Hatton Garden, London, E.C.! 
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1. Bit %” diameter, 
2. Steel cased element, 


3. Detachable hook for 
suspending iron when not 








A NEW SMALL AUTOMATIC 
A-C VOLTAGE STABILISER 


The ASR-1150 
Measures 8} x4} x5 


Weighs I1 Ibs. 
Price only £24 


This new Stabiliser will handle loads up to over | 
kilowatt—having an output of 5 amperes at (usually) 
230 volts. As a general rule it weighs only about | /0th 
of the so-common “choke-condenser” types offered by 
some competitors. 

ASR-I150 is totally unaffected by changes in the 
mains frequency. It is also quite insensitive to load 
changes, working equally well from 0°, to 100°, full 
load (1.15 kVA). It has no large, high a-c working rating 
capacitors—which fail regularly in “resonated” types of 
Stabiliser, and which are very expensive to replace. 

May we send you a copy of our new 20-page Supple- 
mentary Catalogue published July 1953. Just ask for 
Catalogue V-549-S 

ASR-1150 is merely one of an entirely new range 
of A-C Stabilisers, ranging from 200 VA to as high as 
50 kVA—all dealt with in Catalogue V-549-S. 


CLAUDE LYONS LTD 


Electrical and Radio Laboratory Apparatus etc. 





HEAD OFFICE AND WORKS: 76 OLDHALL STREET, LIVERPOOL 3, LANCS. 
SOUTHERN FACTORY : VALLEY WORKS, WARE ROAD, HODDESDON, HERTS. 


(A.10 main London/Cambridge Road, at Junction of A.602) 


PHIL-TROL SOLENOIDS 


Range covers types 41 and 

42 Grom. i* x 1%") 

38, 39, and 40 (front 

13” x 13”) and power 

A.C. and D.C. sizes up to 
60 inch-Ibs. 

Most sizes available ex-stock 


and dispatched same day as 
receipt of order, 


6 v.-460 v. A.C. and D.C. types 
WRITE OR PHONE FOR DETAILS 


PHILLIPS CONTROL (G.B.) LTD. 


Farnborough, HANTS. Telephone : Farnborough | 120 
Lendon Office : 59/61 Union St., London, S.E.1. Tel.: HOP 4567 

















INSULATION 


a . ressboard ; Vulcanized Fibre ; 
Prepabe ad Lanier feed ee Varnished 





ee es y varnished Silks and Tapes ; Varnished 


Meee Genet arnished Cambric, Silk, Glass and P.V.C. 
end Prom, Sane ont Sleeving Chatterton 


Adhesive and Rubber Tapes. 
PRESSPAHN, LTD. 
Bradford, Yorks, Eagland 
Established 1900 


aecisSTéng, 


Weuisr 


> 








FLisTEA 








Telepbone: 
Bradford 25135 (Pvt. Br. Ex.) 
Telegrams & Cables : 
“ Presspahn, Bradford ” 


ELISTEA 
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TECHNICAL BOOKS 


H. K. LEWIS & Co. Ltd. invite inspection of 
their stock of books on all brariches of Radio 
and Electrical Engineering. Catalogue on request. 
LENDING LIBRARY: Technical and Scientific. 
Annual Subscription from TWENTY-FIVE SHILLINGS 
Prospectus Post Free on Request. 
THE LIBRARY CATALOGUE revised to December, 
1949, containing a classified Index of Authors and Sub- 
jects. To subscribers, 17s. 6d. net. To non-subscribers, 
35s. net. Postage Is. 6d. Supplement 1950-52. To sub- 
scribers, 3s. net. To non-subscribers, 6s. net, postage 6d. 


LONDON: H.K.LEWIS & Co. Ltd., 136 Gower St.,W.C.1 


Telephone: EUSton 4282 (7 lines) 














INSULATING SLEEVINGS ... 


a An aircraft’s performance .. 

POLYTHENE your car’s reliability... to- 

SLEEVINGS night’s Television and Radio’s 

INSULATED sound may depend upon effi- 
cient electrical insulation. 

WIRES AND 

FLEXIBLES O52, Sepmnes 


PLASTICABLE LIMITED 
Hawley Lane <+ Farnborough < Hants. 
Phone: Farnborough Hants 85. 




















avi Wii, 


CRINKLE-wa 


CHILL LLVY (WS 








Heat treated and plated, giving corrosion 
resistance with high degree of recovery 
in relation to load, and resistance to 
“‘set’’. Spring locking action suitable 
for electronic and instrument components. 
Size range }” to 8 B.A. 


A 


Prices and samples sent on request. 
CONTRACTORS TO THE ADMIRALTY + MIMISTEY OF SUPPLY © & OTEES Coviewure! erere 


DAWID POWIS LESSONS ITD 


WA FY . wikGeM 
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PRECISION 


PATENT SERRATED 


Anchor rivet Bushes 




























Manufacturers of all kinds of 
products use this method of 
fastening to metal sheets and panels. Note 
the serrations on the finely tapered 
shank — these cut their way into the 


sheet and prevent the bush from rotating 





in the panel, 


Ask for llustrated Leatlet 155 






THE PRECISION SCREW & MFG. Co Ltd UNION STREET > 
Telephone: WILLENHALL 621 & 622 


Yl 
WN RECORDING GALVANOMETERS 


Range immediately available :— 
0-40, 0-65, 0-130, 0-250, 0-1000 & 0-2500 cycles/sec. 


WILLENHALL + STAFFS 














A plug-in type mirror galvanometer is now 
available to suit most types of photographic 
recorders. Primarily designed for the Aircraft 
Industry, their inherent stability makes them 
suitable for the recording of any physical 
dynamic quantity. 


For information of our range of instruments for Yo oe ee” Length ...... 2:1 in. 
the measurement and recording of vibration, ‘ Dia. Max....0°18 in. 
strains and pressures, write to .......04: 


NEW ELECTRONIC PRODUCTS LTD. 








naigeaaadl 
9 NEW CAVENDISH STREET ° LONDON W.|! . (WELbeck 1421-2) 
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P.O. TYPES TO YOUR 
\. SPECIFICATION 


A 
sp 
3000 TYPES 


1Q to 80,0002 COILS | Make to 8 
c/o CONTACTS. 600 and HIGH- 
SPEED TYPES also supplied. 


= PROMPT DELIVERY = 


LARGE 
STOCKS 
OF 
















KEYSWITCH CO. 


ALL POST OFFICE EQUIPMENT 


Enquiries to Sales Director 
126 KENSAL ROAD, LONDON, W.10 
Telephone: LAD 0666 and 4640 


Type RIOO/A 


An improved instrument for the checking and calibration of 
rate meters, scalers and pulse amplifiers, etc. Provides positive 
and negative single or double rectangular pulses with adjustable 
spacing on two separate channels A and B. B output pulses are 
variable in width and both A and B output controls are calibrated 
0-50 volts. A single delay control is calibrated with three ranges: 
(1) 0-20 micro-secs., (2) 20-220 
micro-secs., (3) 200-1,000 micro-secs. 
Full details of the above and other 
/ equipment for use with radio-active 
cenioes 3 isotopes may be obtained from the 
a manufacturers. 


MliTcham 2006-7 


PANAX EQUIPMENT LTD - 173 LONDON RD - MITCHAM - SURREY 
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=a Economy begin Ss The latest developments in 


permanent magnet materials and 
at the techniques can effect remarkable 


. economies, provided they are 
design stage * ¢ ¢ introduced at the design stage. 












Send for Publication 
P.M.131/51 “Design and 


Applicati f Mod 
Teenaaae Magaets” Pp E R M A Y E N T 
MAGNETS 



















Made by the makers of 
“Eclipse” Permanent Magnet Chucks 


NEILL & CO. (SHEFFIELD) LTD. 
i are ENGLAND 











CD. Enulh GMINA HE vs. 


RESEARCH AND 
DEVELOPMENT 





Specialists in Sub-Miniature Telecommunication Components 







% Development of Electronic Components 
and their Production Methods. 
















Actual size 
(approx.) 


% Electrical Ceramics. 
% Vacuum Techniques. 
%* Metallising Processes. 


% Insulating Materials. 
Protective Finishes: Plastics. 


% Electrical Magnetic and Climatic Tests etc. TEM PATRIM ne ER 
% Pilot-Scale Production of New Electrical 

Components & Materials. Nominal capacity 6.5pF—Temperature Co- 
BY SPECIALISTS IN THE APPLICATION OF efficient continuously adjustable from +2000 
CHEMICAL TECHNIQUES TO THE ELEC- Contigrede./ Length 31° + Width tO": 


TRONICS INDUSTRY ...... Height .5” 








-6.V.PLANER LTD 
® RESEARCH & DEVELOPMENT LABORATORIES 4 


HANWORTH TRADING ESTATE - HAMPTON ROAD WEST DEVELOPMENTS CO. LTD. 
FELTHAM, MIDDX. Tel: FELtham 3399 By ULVERSTON NORTH LANCS = 7e/\ Ulverston3306 








4 
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Extended range 
now available 








‘THE range of Riviin Precision Wi d Resistors has been 

extended to include miniature types. As with existing Rivlin 
Resistors they are fully heat treated and a heavy polythene coating 
renders them completely impervious to the effects of humidity and 
temperature. 


* Rivlin Resistances can be adjusted to 0.1% of the required value, 
or 0.01Q whichever is the greater. 


* Any value in the range 0.1N to 50,000 can be supplied with a 
temperature co-efficient of 0.002% per degree centigrade, and up to 
1MQ with a temperature co-efficient of 0.02% per degree centigrade. 
Standard rating—1 watt. 


*® Rivlin Wire Wound Resistances fully comply with Services speci- 
fications. 












tov DELIVERY 14 TO 21 
WIREWOUND RESISTORS ‘Scape aeney 


DAYS 























RIVLIN INSTRUMENTS LTD. 
7a Maitland Park Villas, London, N.W.3. Gulliver 2960. 














Rela dle stion 


The Final Word 


In all radio reproduction it is the LOUDSPEAKER 
which has the Final Word. It is the LOUDSPEAKER 
which finally determines the quality of reproduction. 


The finest radio receiver in the world can only 
give indifferent results if fitted with an indifferent 
LOUDSPEAKER. 


It iy the LOUDSPEAKER which re-creates the sound 
and it is the LOUDSPEAKER above all which must 
be BEYOND REPROACH. 


We have loudspeakers for every purpose and set manufacturers Model P44 
are invited to collaborate with us en all problems relating to Lightweight 12” Loudspeaker 
sound reproduction. 


. FERRY WORKS, 
a lec an ee Be: THAMES DITTON, SURREY 


Telephone : Emberbrook 3402-6 
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Now especially for the ELECTRONICS INDUSTRY 


BRIGHT SILVER PLATING 


(Superseding the conventional dull silver plating) 


RHODIUM PLATING 
‘GOLD PLATING 


Our Laboratory-controlled Works have been extended to 


include the above processes in addition to the normal 







Electro Deposition finishes generally used in industry. 


A.l.D. and A.R.B. APPROVED 



































GRADE M.E. 


Low cost cores for 
frequencies up to 50 Mc/s. 


GRADE M.F. 


High quality cores for 
frequencies up to 300 Mc/s. 


Write for List No. GRC 5303/6 


SALFORD ELECTRICAL INSTRUMENTS LTD. 


PEEL WORKS -: SILK STREET * SALFORD 3 - LANCS 
LONDON OFFICE: MAGNET HOUSE - KINGSWAY - TEMPLE BAR 4669 
A Subsidiary of THE GENERAL ELECTRIC CO. LTD. of ENGLAND 
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For computers 


and their 


components 






aE 


COMPUTING AMPLIFIERS 

capable of summation, integration and 
differentiation, and drift corrected with 
gain / bandwidth product adequate for low 
or high-speed computing. 


ELECTRONIC MULTIPLIERS 
of the four-quadrant type. 


FORCE FUNCTION GENERATORS 
for a variety of forcing functions 
of either positive or negative sign. 


OSCILLOSCOPE DISPLAY UNITS 
— 6" flat-faced cathode ray 
tubes with choice of sweep times. 


POWER SUPPLY UNITS 

—DC supplies from grid-controlled 
thyratron pre-regulators feeding series valve 
electronic stabilisers; heater supplies 

from AC electronic regulator. 


Write for further details of Saunders-Roe 
analogue computers and associated equipment. 


Information may also be obtained on 
solenoid-operated electric typewriters for 
the presentation and recording 

of results from digital computers. 





te, | 
come to 


SPAYU BN BD ENES 





SAUNDERS-ROE LIMITED 
Electronics Division, Osborne, East Cowes, Isle of Wight 


Telephone : Cowes 221! 
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(SAVAGE 





No Suc# 
THING 


AS A 
DIFFICULT 


CUSTOMER 
AT= 


ogo 

















This is the name usually associ- 
ated with the discerning customer 
who always appreciates the qual- 
ity and service by which we have 


gained our reputation. 





yseORine, 


As 


vagy DEY Ayady 





‘mite 
NURSTEED ROAD - DEVIZES - WILTS 
Telephone: DEVIZES 932 
MAY 1955 




























As in many electrical relays ‘** Thessco ” con- 
tact-springs and contacts play a very important 
part in these Burgess Micro Switches which control 

the operation of this massive landing gear. 

‘““ Thessco”” and “ Thessconite”’ precious metal con- 
tacts are highly recommended for circuits working under 

manual or auto-control. They minimise electrical wear 
and are capable of high current-density 

loadings. 








Company Limited 
Head Office & Works: Royds Mill Street, Sheffield, 4 


LONDON SHEFFIELD BIRMINGHAM 
| Berry St., Clerkenwell, 95 Arundel Street, 4,5 & 6 Warston Lane, 
ees é 18 
Tel: CLE 3156 Tel: 22107 Tel: Central 6893 











STEATITE 





for all high 


frequency applications 





Over a century of ex- 
perience in this highly 
specialised field. 

We invite your enquiries. 


Machined to special designs and fine limits. 


WILLIAM SUGG & COMPANY LIMITED 
VINCENT WORKS, REGENCY STREET, WESTMINSTER, S.W.1.  ViCtoria 3211 





WESTMINSTER | 





MAY 1955 129 ELECTRONIC ENGINEERING 











CONSTANT POTENTIAL 
D.C. BATTERY 
CHARGING EQUIPMENT 


The D.C. Regulator Unit has been 
developed as a stabilised D.C. 
Supply to meet the demands of a 
constant potential charger for use 
with specialised high efficiency 
rechargeable cells, e.g. silver-zinc 
and alkali. 


The Power Unit has been specially 
developed as a source of D.C. 
power for use with the D.C. 
Regulator Unit. 










Write for technical 
data to :- 


‘ie SP EG TO vA ED 


VALE ROAD SOR 

































have these outstanding features 


HIGH OPERATIONAL SPEED * HIGH SENSITIVITY 
FREEDOM FROM CONTACT REBOUND 
NO POSITIONAL ERROR * HIGH CONTACT PRESSURES 
EXCEPTIONAL THERMAL STABILITY * EASE OF 
ADJUSTMENT * ACCURACY OF SIGNAL REPETITION 


The Carpenter Polarized Relay will respond to weak, ill-defined or 
short-duration impulses of differing polarity, or it will follow weak 
alternating current inputs of high frequencies and so provide a contin- 
uously operating symmetrical changeover switch between two different 
sources. Five basic types are available with a wide range of single 
and multiple windings. Particulars of the type best suited to your 
purpose will be gladly supplied if you will send us your circuit details. 


Manufactured by the sole licensees 


TELEPHONE MANUFACTURING CO. LTD 


“il Contractors to Governments of the British Commonwealth and other Nations 






HOLLINGSWORTH WORKS, DULWICH, LONDON, SE2! 
Telephone GIPsy Hill 2211 
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COAX PRECISION CONNECTORS | | 


Better on alf COUNTS 




















; 
om * ame 

4 o } pone 
ba! = 








[TRANS] 


] 
| 
| 
| 
| 
RADIO] 







e design 
@ machining 


Sin ‘ULTRA LOW 


® perfo capacitance 4 attenuation 
e delivery 38 STOCK TYPES 


The most comprehensive range of | | for your 
U.S. CONNECTORS outside the U.S.A. | | STANDARD op SPECIAL 


COAX C t 
€O-ax a RC Cables : aaa 
Microdual drives a” U.@. CONNECTORS-R.G. CABLES 


TRANSRADIO LTD. 138A Cromwell Rd. London SWZ. reesaz1 * TRANSRADIO LTD. 1384 Cromwell Rd. London SWZ. raesaer 








TRAN 



































The latest ‘“ Electronic Engineering” monograph 


RESISTANCE STRAIN GAUGES 


By J. Yarnell, B.Sc., A.Inst.P. 


Price 12/6 
(Postage 6d.) 


This book deals in a practical manner with the construction and application of 
resistance gauges and with the most commonly used circuits and apparatus. 
The strain-gauge rosette, which is finding ever wider application, is treated 
comprehensively, and is introduced by a short exposition of the theory of stress 
and strain in a surface. 


Order your copy through your Bookseller or direct from:— 





Electronic Engineering 


28 ESSEX STREET STRAND LONDON, W.C.2. 














MAY 1955 131 ELECTRONIC ENGINEERING 























5 amare osm 
Soe ee Ot 


iNOU ls 
high-speed COUNTERS... 


SWISS PRECISION MADE 








% Instantaneous Mechanical or Electrical Reset. 
% Up to twenty-five Counts per Second. 

% Auxiliary Contacts. ye Four or Five Digits. 
% Compact and Robust Construction. 

% Wide range of D.C. Voltages. 


% Low consumption. 


Manufactured by Societé Des Compteurs 
Genevoise, Geneva, Switzerland. 





* Full details from the Sole United Kingdom Agents: 


STONEBRIDGE ELECTRICAL CO. LTD 


6 QUEEN ANNE’S GATE -: LONDON, S.W.1 Telephone: TRAfalgar 1444 























high voltage engineering 


brandenburg 








20,000 volts stabilized 
—for only £29-15-0 


The Brandenburg PA20 high voltage generator 
provides a supply variable from either 17 kV. to 
20 kV. or 14 kV. to 17 kV., with a regulation of 

1°% against mains variation of 5% and load 
variation of zero to 200 pA. Fitted with EHT 
output current measuring jack for use with 
moving coil instrument to facilitate breakdown 
testing, CRT testing, experimental X-ray tube 
investigation and many other applications, with or 
without ancillary equipment. 


Guaranteed 12 months 


Teleonics | communications | Ltd. 
196 Dawes Road, London, S.W.6. Fulham 1534 
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No, we do not recommend this method! 
We offer, instead SAVAGE ‘ VLF’ 
and ‘ LRF’ Amplifiers, giving 


A SOURCE OF POWER 


where it is required for vibration and 
fatigue testing of structures, com- 
ponents, engineering products, engines, 
special metals, etc. In this direction, 
the applications of this equipment are 
countless, as they are, also, as a variable 


frequency power source for  trans- 


formers, meters, motors and electrical 
component design. 

This equipment is inexpensive to 
purchase, simple and economical to 
use; gives complete and accurate 
control at all times. 

Ask us TO-DAY for full details, 
without obligation. Or let us know your 
problem in this field and we will 
gladly help you. 


W. BRYAN SAVAGE LTD. 


WESTMORELAND ROAD, LONDON, N.W.9 
TELEPHONE: COLINDALE 7131 





Leading organisations now using this 


equipment include: Bristol Aeroplane 
Co.; The Brush Electrical Engineering 
Co., Ltd.; English Electric Co., Ltd.; 
Ferranti Ltd.; G.E.C.; Handley Page 
Ltd.; The Imperial College of Science; 
Siemens Bros. & Co., Ltd.; S.T.C.; 
Vickers-Armstrongs; R.A.E., Farn- 
borough, etc. 


Ww. BRYAN 


avagqe 





OUTPUTS 
100 watts ‘VLF’ 
3 c/s to 6 c/s 
1000 watts ‘VLF’ 
6 c/s to 2000 c/s 
MARK II STAR 
50 c/s to 10 Ke/s 
‘LRF’ 

5 Ke/s to 100 Ke/s 


biPe Lid?! AMPLIFIERS 


LOW RADIO 
FREQUENCY 


VERY LOW 
FREQUENCY 

















ucker 


PRODUCTS ) 








F OR a quarter of a century we have been supplying Eyelets, 
Solder Tags, Terminals, Flat Brass Strip Wires for Capacitors (with 
or without the eyelet combined), Valve Top Caps, etc., to the Radio 
and Television industry, and numerous TUCKER products are now 
standard components throughout the trade. 


We now welcome enquiries from the ELECTRONICS INDUSTRY 
; for small metal pressings or piece parts, and willingly place at the 
disposal of its designers and research staffs the resources of our 
Technical Department and our many years of experience in this type 


of work. 








Geo. TUCKER EYELET Co. Ltd., Walsall Rd. BIRMINGHAM 22 


Telephone: BiRchfields 5024 (7 lines) Telegrams: EYELETS.BIRMINGHAM 








Se SITES EE RSNA IDOLE: IDEA ESSE SITIO IEE I NBA I A A SHO ORS 
| LT TT ie ELE ILE LLG ELITE MLR ELS ERC A EBACE EA SE 
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Symons Varnished Fabrics 


DEMONSTRATE OUTSTANDING FLEXIBILITY 






Cotton Cloths, woven to Symons’ own 
specifications, are varnished to a uniform thickness, 0 i -_ 
smoothness and flexibility. .' Ay A. 
Silk is characterised by extreme flexibility over a wide 4 

range of temperatures, while Nylon has become 
popular because of its mechanical strength 
combined with excellent electrical properties. 


Glass and “‘Terylene’’* are the insulations for Class B 








working, being suitable for continuous * The name 
“Terylene” is the 
operation up to 150°C. ““Terylene”’ has the advantage property of I.C.I. 
; Ltd., and is the 
of being softer, name given to a 
particular Poly- 
and does not crack when creased. ester fibre. 
Please write for technical data sheets. 
For tested flexible insulation—say SYMONS for sure SYMONS’ 


ADVISORY SERVICE 
If you have an electrical 


H.D.SYMONS & CO.LTD. Bet7—a8 


be pleased to advise you. 





PARK WORKS - KINGSTON HILL - SURREY Tel. Kingston 0091 - Grams. Insulation (Phone) Kingston-on-Thames 


IONISATION CHAMBERS -— for measurements, 


monitoring or control of BETA, GAMMA or slow neutron flux 





These ionisation chambers 
provide for measurements, 
monitoring or control of 
beta, gamma, or slow 
neutron flux, They are 
of compact design. The 
chamber is of conventional 
type with concentric H.T. 
and collector electrodes 
assembled in a mild steel 
outer case with a base piate. 
The feed through insulators 
are of special design and rigid 


“ ae limits are adhered to in 
7 manufacture. 
= a ot 


Made = 
by DANIEL 
VARNEY LTD 
Rs Specialist Manufacturers of industrial vacuum 
rad se equipment—consulting service to industry 





VACUUM INDUSTRIAL APPLICATIONS LTD., WISHAW, LANARKSHIRE 
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IMPROVEMENT IN THE ACCURACY OF DECADE RESISTANCES 


We have pleasure to announce 
that the well-known and 


novel SULLIVAN and GRIFFITHS 


DUAL DIAL DECADE RESISTANCE BOXES 


FOR ALL FREQUENCIES have now been improved in 


accuracy to 
0.05 rer cen 








Moreover, the windings are now of Manganin in order 
to reduce the temperature coefficient ; more important 
still, to improve the long period stability and make 
them as suitable for all direct current purposes as 
they are for alternating currents of all frequencies. 


Screened Resistances of guaranteed accuracy exactly 
similar to our well-known Decade Resistances but specially * 
arranged so that one box of a given number of dials gives 
many different values of maximum resistance. Thus a 
three-dial box (as illustrated) may be used for instance for 














three decades of Th ds, Hundreds and Tens 
a total of 10000 ohms. 
or three decades of Hundreds, Tens and Units 
a total of 1000 chms. 
or three decades of Tens, Units and Tenths 
atotalof 100 ohms. 
or three decades of Units, Tenths and Hundredths, 
a total of 10 ohms. 
rd W S U . L | VA N The advantages of such a system will be obvious, for in addition to the economy 
° ° involved much space is saved and the residual resi e and ind e is much 
LIMITED reduced. 
The resistances are available in 3-dial, 4-dial and 5-dial types with subdivision 
LONDON, S.E.15 of 0.001% down to 0.00! ohm if necessary depending of course on the number of 
Telephone: New Cross 3225 (P.B.X.) dials incorporated 















































5-10” 


SINGLE POLE FUSE-SWITCH 









































N. ACTUAL SIZE 
on 


i) |" 





ACTUAL SIZE 


Primarily for lower voltages, this Slydlok 







fuse incorporates a switch action, and is 


FW (End entry) 
cable type is 
illustrated. 

Other types 
supplied to 
meet all 
normal re- 

quirements. 


self indicating. A compact, rewireable unit, 


vibration-proof and reliable. 


LY DISK ..:: 
EDWARD {pilex & CO. LTD. : wenenisanwe : MANCHESTER 


London Office : Fulwood House, Fulwood Place, Holborn, W.C.1. 
; dm EW 60 
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Standard push- 
button Attenuators are 
the symbol for precision attenu- 
ation at very high frequencies. As the 
only accurate instruments of their kind 
they are in great demand for research work and 
regular service the world over. 
Four models are now available, ready for building into 
sour Own equipment. Each is designed to handle inputs 
of up to 0.25 watt. 





| CHARACTERISTIC IMPEDANCE 
MODELS AVAILABLE 








| 75ohms | 50 ohms 
0-9 db in | db steps | Type 74600A Type 74600E 
0-90 db in 10 db steps | Type 74600B Type 74600F 








D.C. Adjustment—Accuracy 


0—9 db models: The insertion loss error will not exceed 
~0.05 db for any setting. 


0—90 db models : The insertion loss error for the 90 db 
setting will not exceed +-0.3 db. For other settings this limit 
falls linearly to a value of +-0.06 db at the 10 db setting. 


High frequency performance 


0—9 db models : At 50 Mc/s the insertion loss error for the 
9 db setting will not'exceed +0.15 db. For other settings this 
limit falls linearly to a value of +-0.05 db for the 1 db setting. 


0—90 db models : At 50 Mc/s the insertion loss error will 
not exceed +0.1 db per step. 


N.B. All insertion errors are relative to zero db setting. 
Calibration charts for frequencies up to 100 Mc/s for the 


0—9 db models or 65 Mc/s for the 0—90 db models can be 
supplied if required. 


Standard push button 


ATTENUATORS 


Bulletin on request to :— 


Standard Telephones and Cables Limired 


Registered Office : Connaught House, Aldwych, London, W.C.2 
TRANSMISSION DIVISION - NORTH WOOLWICH - LONDON : E.16 
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COUXTERS fanMReeamn | 
FOR EVERY 
INDUSTRY 


BACKED BY 70 
YEARS EXPERIENCE 





Please write for illustrated 
folder “EL’’ giving details 
of full range. Representa- 
tive will call upon request. 


Noodan. REGO, TARDE MARK ROOT 
LTD. 


DU 4 RC EE 
Phone No. 85218 


flats Thas 
London Office 


20 PURLEY WAY, CROYDON, SURREY 


Telephone THORNTON HEATH 3477-8 





SAC 

















n> P.O. TYPE 3000 


BUILT TO YOUR 
SPECIFICATION 


QUICK DELIVERY 
KEEN PRICES 


QUOTATION BY 
RETURN 





RACKS P.0O.STANDARD for 19” panels. Steel channel 


sides, correctly drilled, heavy angle base. Height: 4’ 10’,or 6’. 


KEY SWITCHES 


PROMPT DELIVERY 
OF ALL TYPES 





Ra ge g 
MICROAMMETERS 250F.S.D. Model $37 33” Flush Type. 
Knife edge Pointers scaled for Test Meters. 55/-. 
RATIO ARM UNITS By H. W. Sullivan. Brand new. 600 
ohms + 600 ohms. 50/-. Post 2/- 
WHEATSTONE RESISTANCE BRIDGE Manganin. 
Up to 10,000 ohms. £5. Post 2 


. ern MAGNETIC COUNTERS 
COUNTING UP TO 9999 


TYPE 9G. TYPE I7A 
500 ohms 3 ohms 
24/50 Vt. D.C. | 2/6 Vt. D.C. 
1S/- Post 1/- § 15- Post 1/- 


=n? MANY OTHER TYPES IN STOCK. 
LIST AVAILABLE. 


L. WILKINSON (CROYDON) LTD. 
19, LANSDOWNE ROAD, CROYDON 


Phone : CRO 0839 “WILCO"’ CROYDON 





Telegrams : 
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(it TRANSFORMERS 
















CAST RESIN TRANS- HERMETICALLY SEALED «C” 
FORMERS. CORE UNITS. 

Designed to utilise the present Range comprises 32 sizes covering 
range of ‘‘C '’typecores. Com- — transformers from | Va to 2 kVA and 
plete mechanical and climatic the usual range of chokes. Conform to 
protection. Good heat dissipa- relevant inter-Service specifications 





tion. Robust terminals and RCS.214 and RCL.215. 
fixing bushes. 





Cast Resin 
Transfe~mers. 













POTTED COMPOUND FILLED 
TRANSFORMERS. 

A wide range of capacities. Vacuum 
impregnation and special compound 
filling. Suitable for exacting industrial 
and climatic conditions. Neat and clean 
in equipment. 





Hermetically sealed 


“C” Core Units. SHROUDED AND OPEN-TYPE 


TRANSFORMERS. 

Combine first-class engineering with a 
popular highly competitive product. 
Finest quality materials used throughout; 
vacuum impregnated and rigidly tested. 













In addition to the types shown, we 
manufacture a great variety of Trans- 
formers for all electronic applications. 
Also Power Transformers up to 1000 kVA. 






Open-type 
Transformers 








Potted Compound 
Filled Transformers 





Catalogues available on req 








WODEN TRANSFORMER CO. LTD 


Shrouded MOXLEY ROAD: BILSTON - STAFFS. 
orcs BILSTON 41959 






<{o0e> 


ae 








arta 
A CAREER AS A REGULAR ARMY OFFICER | 


acumen | | ELECTROFORMED 

MECHANICAL, ELECTRICAL AND ELECTRONIC ENGIN- 
EERS are required as officers in the Corps of Royal Electrical and 
Mechanical Engineers. 
THERE ARE TWO METHODS OF ENTRY. AND 
These are either :— 
(1) On a short service commission (which offers a 

good opportunity of obtaining a permanent com- 

mission) with a gratuity of about £100 for each 

completed year of service on leaving 


(2) On a Permanent Siniter Commission with a | WAVE GUIDE ‘COMPONENTS 


valuable pension and a terminal grant of £1000 | 


(tax free). 
Candidates must be physically fit and between the ages of 23 and WAVEM ETERS ’ BEN DS ’ 


28 years old (except for those with previous service in the Armed 


Forces, who may be 30 years old). They must have passed or be 
exempt from the examinations of either the Institution of Mechan- BRI D ju N Ti ' 


ical Engineers or the Institution of Electrical Engineers, or have a 
University Degree in Natural Science or Engineering. In addition, 
2s years experience as an engineer (or 1} years in the case of 


University graduates) is normally required. 











The pay which Army officers may expect is according to the Etc 
following table :— e 
Rank Normal Age If Single If Married 
Lieutenant sa 23 £686 £823 
Lieutenant |. 25 £723 £860 POL bY Y EN t 
it Be YSTYRENE FILLED 
MOE: x. Sy £1,1 ry 330 
i aCe WAVE GUIDE COMPONENTS 
Colonel ae 45 £1,795 rt 922 
Brigadier eee £2,068 £2,187 
(Note.—This is the U.K. scale ; there are various additions By 


in certain overseas stations. 


> this he hed taht of a oon ak boge pay include an 
element for food and accommodation which are normally | 
provided in kind. This has been made to provide a direct | WI LM OT (ELECTRONICS) LTD. 


means of comparison with civilian scales of pay.) | 


For further details please write to :— 
The War Office (P.A.6 (b)), London, S.W.1. | NORTH ROAD - PRESTON 


and quote this announcement. 
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PLIERS PINCERS 
NIPPERS . PIPE WRENCHES 





Zt 


A. Cc. SOLENOID type SA. 


Continuous } Ib. at }” 
Instantaneous to 6 lbs. 


100% PRODUCTION 
INSPECTION 


WILKINSONS TOOLS LTD., Kerfoot St., WARRINGTON, 
England ” 











Available. Also Trans- 
formers to 6kVA 3 Phase 


R. A. WEBBER LTD. 


18, FOREST ROAD, KINGSWOOD, BRISTOL. Phone: 74065 








TOROIDAL & STRAIGHT WINDINGS 
OF ALL TYPES 
TRANSFORMERS CHOKES 
TRANSDUCTORS 
COMPLETE MAGNETIC AMPLIFIERS 


designed and made to your 
specifications or made to 
your own design by 


SELIG ELECTRO-MAGNETICS LTD 


14 SEETHING LANE, E.C.3 Phone: ROYal 6201 











Larger and Smaller Sizes | 





A Silver Zinc Accumulator is the 
smallest and tightest type of re- 
chargeable accumulator in world- 
wide use. It has other advantages 
too—such as constant voltage and 
high rate of discharge—full partic- 
ulars on request. 
Write for publication EE/A 











ACCUMULATORS 





VENNER ACCUMULATORS LTD., KINGSTON BY-PASS, NEW 
MALDEN, SURREY Phone: MALden 2442 
Associated Companies : Venner Limited — Venner Electronics Ltd. 
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HIGH GRADE 
ELECTRICAL RESISTANCE 
WIRES & TAPES 


NICKEL-CHROMIUM 
NICKEL-CHROMIUM-IRON 
COPPER-NICKEL 
also 
PURE NICKEL 


in the Hard Drawn, Bright Annealed 
or Oxidised Annealed Finishes 


SPECIALISTS IN FINE 
AND SUPERFINE WIRES 


IN SIZES FROM -010’—-0005" DIA. 


Technical Booklet on application :— 


Attoy Wire Co., Ltp. 


LAWRENCE LANE, OLD HILL, STAFFS 
Telephone : CRADLEY HEATH 6575 
Telegrams : WIRELOY-CRADLEY HEATH 














BELCLERE 


MINIATURE 
Input, Output and 

' -z interstage 
at TRANSFORMERS 
We specialise in the e of coupling transformers to 
customers’ requirements. An illustrated brochure describing 





the range of transformers we manufacture will gladly be sent on 
request. Illustrated above is a standard input transformer 
type “‘E”’ size |” x 2” x 2” overall, available with varnish dip 
finish, encapsulated block form, or in mu-metal screening can. 


Quick delivery— low prices—maximum efficiency. 


JOHN BELL & CROYDEN, 117 HIGH STREET, OXFORD 
Telephone : 47072 & Cables: Belclere, Oxford 

















A Large Ground Floor 


FACTORY 
REQUIRED 


NORTH OF THE THAMES 


Premises must have good natural light for 
instrument manufacture. 


CHAMBERLAIN & WILLOWS 
23, MOORGATE, LONDON, E.C.2 
CITY 6013 (8 lines) 

















for your product, why not consult us ? 
® @ ® 
We specialise in light precision 
presswork in all metals for the 
Electrical Trades 
Hl QUOTATIONS BY RETURN 


| 


| BIRMINGHAM SPECIALITIES LTD. 


|| 00-81 BATH STREET BIRMINGHAM 4 
| Phone: CENTRAL 2492 
| 























PLASTIC 


2 
= 
anyxmorcos 





10-250 tons. I-12 ozs. 
MODERN TOOL ROOM 


ELCO PLASTICS LTD. tigh wycombe. Bucks 


MAY 1955 


If you need 
a small METAL PRESSING || | 
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ELECTRONICS 


Electronic Chassis manufacture, and 
wiring for Industrial equipment, Test 
gear or sub-assemblies. 


PUTT TTT Ti i iii 


Vv 


VACUUM VARNISH IMPREGNATION 


Vacuum Varnish impregnation to 
R.C.S. 214. Autoclave diameter 15” 


TRANSFORMERS 


For power distribution and Electronic application. 
Ranges from small Electronic types, up to 50 kVA, 
orthodox and C cores. 1I-Phase and 3-Phase Oil 
and Air Cooled Phase conversion, etc. Special 
types for Furnace and Rectifier Control. 


A.D. AND A.R.B. APPROVED 


YOUR ENQUIRIES ARE INVITED . 


AVIS & BAGGS in. 


GOSBROOK ROAD, CAVERSHAM, READING 
Phone : READING 71763 
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Have YOU a Storage Problem? 


‘Radiospares” FSO ..... 
Quality Parts 
The 


Service Engineer’s 
First Choice 
















We Specialise in... 
MAGSLIPS SELSYNS 


...-WILL SOLVE 
IT FOR YOU, AND 








and other 
TORAGE 
ROTATING COMPONENTS ov esas pros 
for 


AUTOMATIC CONTROL SYSTEMS PRODUCTION! 


Please write for full details to 


RANDALRAK LTD. 


| 
| 
| 
Brochure available from :— 
| 
e : (Manufactured by JAMES H. RANDALL & SON, LTD.) 
Serve and Electronic Sales Ltd. | (Dept. E.E.5) 106, VICTORIA ST., LONDON, S.W.1. 
ate a STREATHAM HIGH ROAD, LONDON, S.W.16, gion | Telephone: ViCtoria 3485 
| 
| 














A. V. ROE & COMPANY Limiren | | SPEARETTE E 





have the following vacancies in the | TYPE W 
Electronics Laboratory at Greengate :— VALVE RETAINERS 
(a) Technicians are required who possess a Degree | FOR 
in Physics or Electrical Engineering for work on | MINIATURE VALVES 
the development of Electronic Computing 
Equipment for use in the Design Office. The SIMPLE — EFFICIENT 
Electronics Department is expanding and is 
likely to take in many diverse fields of develop- SPEAR ENGINEERING CO. LTD. 
ment. Preference will be given to applicants WARLINGHAM <- SURREY 








who have had some practical experience. 





(b 


— 


Technicians are also required who possess an Pec ess Smee ap igi 
Honours Mathematics Degree for work in | 

connection with programming Digital Com- I N S T R U M E N T Cc A S E 
putors which will involve the breaking down of pie All welded con- 
differential equations of the type met with in te gg — 
aircraft structural analysis into forms suitable 7 tO” ae > 
for arithmetical analysis. ad Finish, silver 
hammer. 

PRICE 


/ 
Applications stating full details of age, qualifications b) 0 
and experience should be addressed to the Labour | oe wi ittings extra. 
Manager :— Send for LIST 33 








A. V. Roe & Company Limited, Greengate, SUTTON COLDFIELD ELECTRICAL ENGINEERS 
Middleton, Manchester. Clifton Street, Sutton Coldfield, Birmingham 


Phone SUT 5666 
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Acheson Colloids Ltd. 
Adcola Products Ltd. . 
Advance Cae Ltd. 
Aero Research Ltd 

Air Control Installation ‘Ltd. 


Wire Co. Ltd. |. 

All-Power Transformers Ltd. 

Ashton Ltd., N. C. 

Atkins, Robertson & Whiteford Ltd. . 

Automatic Coil Winder & aenaans 
Co. Ltd., The 

Aveley Electric Ltd., 

Avis & Baggs Ltd. 


Barr & Stroud Ltd. + 
Bell & Croyden, John 
Belling & Lee Ltd. 
Birmingham Spence Ltd. 
| ge Ltd. 

th & Co. Ltd., James 
ag & Co. Ltd., George 
Brayhead Springs ‘Ltd, He 


British Driver-Harris L 

British Electric on Fee Co. Ltd. 

British Instrument Industries Exhibition 

— Insulated Callender’s Cables 
td. , 

— 


Plastics Developments Ltd. 
itish Thomson-Houston Co. Ltd 
Brooke's Crystals Ltd. 

Broxlea Products Ltd. 

Bruel & Kjaer 

Bullers Ltd. 

Burgess Products Co. Ltd. 


c 


Canning Ltd., 
Carbic Ltd. 

Cathodeon Ltd. 
Cementation (Muffelite) Ltd. 


w. 
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Adr. Nwrum, Denmark . 


follower, and capacitative pre-attenuator of 60db., the Volt- 
meter has an accuracy of + 0.2db. over the frequency range 
1db outside these limits. 


Havinga large illuminated logarithmic scale, the instrument 
gives full scale deflection for 3-30-300mV, and is perfectly 


protected against overloads. When used with the attenua- 










tor, the voltage ranges are extended to 3-30-300V. 


WIDE RANGE VOLTMETER type 2405 


A high-gain, high-stability valve volt- 
meter, covering the frequency range 


20 c/s-10 Mcis. 


Supplied complete with measuring probe with cathode 





For SALES AND SERVICE in 
United Kingdom, please write to 


ROCKE INTERNATIONAL LTD. 
59 Union Street, London, S. E. 1. 
Tel. : 


HOP 4567 

















Telephone: Nezrum 500 . Cable: Brukja, Copenhagen 
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Another advance by Dr. Frittertime! Convinced of the 
remarkable qualities of his latest invention, he decided to 
mass-produce from the start. Brilliant improvisation and 
unusual adaptability produced the results shown—and the 

only binary cat in industry! 

Here at Solartron we combine quantity with our established 
reputation for quality; productionised test equipment in an ever 
increasing range, costed to the final farthing and subjected 

to the most searching tests. We know that our products 


BRIEF SPECIFICATION OF AS.SIS : . ae , 
Bk tan Votes . 2s0v, represent the highest standard at the lowest price, and we are 


D.C. 0 Cc senso 0150 mA or 50-200 mA : 
er m* switchable) proud to back them with a 12 months’ guarantee. 


SE UNONNNI bcs sccicicankahisinidiecngonot se 6.3V. @ 4A. C.T. 
hoe by tg To show you what we mean, take a look at the AS.515, the latest 
IV. @ . 


Stability Factor... ~~ 4 Better than 300:! in our range of High Stability Power Supply Sub-Units. Models 


A.C. Source Impedance... ow. Less than 0.4 ohms. 


ae — toe heh AS.516 (50 mA) and AS.517 (100 mA) are also available. 


Noise and Hum Level... coe... won Less than I millivole 


RELIABILITY — COSTS Queen’s Road, Thames Ditton, Surrey 


UNDER OUR I2 MONTHS’ 
einnnniens etnies team Telephone: EMBerbrook 5611 


EXCEEDED 0.2°, OF SALES Cables: Solartron, Thames Ditton 
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STAGED AT THE 
NORTHERN RADIO SHOW 
_ AN EXHIBITION OF 





ie 
EFFICIENT 


SOLDERING 
BY FERRANTI 
OPERATIVES 

USING 





At the Northern Radio Show this year Ferranti 
Ltd. are co-operating with Multicore Solders Ltd. 
to show an absorbing demonstration of precision 
soldering under factory conditions. Ferranti 
operatives will assemble and solder I.F. strips on 
the Multicore Stand. These units will later be 
incorporated in Ferranti Combined Band | and 
3 T/V Receivers at the Ferranti factory. 


bove: An operative from Ferranti Ltd. soldering 1.F. strips 
for incorporation in Ferranti Combined Band | and 3 Receivers. 


Ferranti Ltd., in common with other leading 
manufacturers in the Radio and Electronic 
Industry, insist upon Ersin Multicore Solder for 
all electrical connections because they know that 
they can rely upon its unfailing characteristics. 
Every batch is the same—the same high quality 
that ensure faultless, trouble-free soldering. 





7 Ib. REELS 


Ersin Multicore 5-core Solder is available in 9 
gauges and 6 alloys on nominal 7 Ib. reels for 
factory use. It is fully approved by A.I.D., 
G.P.O., A.R.B., D.T.D. 599, R.C.S. 1,000 and 
meets all pertinent U.S.A. Federal specifica- 
ti6ns. Ersin Multicore Solder is also supplied in 
even gauges from 16 to 34 s.w.g. on I Ib. and 
} Ib. reels. 


= 


Bib recorDING TAPE SPLICER 


On the new Mark II Bib 

Recording Tape Splicer the 

clamps are of the easy lift 

type and are both on the same 

side to facilitate easy removal of the jointed tape. These improve- 
ments ensure even easier and quicker jointing of tapes. Price 18/6 
each (subject). If you have already bought an early model we will gladly 
modify it for you. Post it to us with stamps or P.O. value 2/- and 
do not forget to include your name and address. 





Bib wire STRIPPER 
AND CUTTER 


These sturdy nickel plated tools strip insulation withour 
nicking the wire, cut wires cleanly and split plastic 
extruded twin flex. They are adjustable to most wire 
thicknesses by the turn of a screw. Bib Strippers are only 
5” long and can easily be carried in the pocket. They save 
hours of time and irritation because of the speed anJ 
efficiency with which wires can be prepared for connection 
3/6 each (subject) 





SIZE 1 CARTON 


This pack is the ideal size for service engineers 
and radio enthusiasts. The solder is conveni- 
ently drawn as required through a hole in the 


top of the carton and 
will not become tangled 5/- CARTONS (SUBJECT) 
inside. Size | cartons pg ag 5.W.G. ten ee 
»btai se - No. |Tinlea “ "=| fength per carton 
caer Ersin Multicore FC 16014 60.40, 1421 feet 

, C 16018 | 6040) 18 | 5S5feet ~ 
Solder in any of 4 [Fc 4013-4060 | 13 |——19 feet — 
specifications. C 14016 | 4060 | 16 | 3B fer 
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